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a 4jc-^ r Jji <£ _^ll ^.a ^A^JaL^Ul AA j.-t.U _a. 

(La chronophotogniphic ) ; ^ A* 1*1 1 j; *5 

AiUla j ■ Jj*-a5 - 41 * j £J\ juj J!xi J] ^ - r -- ? [ J ^ Ja 1 _Lu| ** 

wdjiilJl AjJlIl *! 1 C aV n i JjLrjjcJlf *j* w -,/1 3|djLfcU*j 

Ai (u*J* jUi 1^jjb jL** jLi*J <i» * kS'. ^ r „ , 

J^(> (<lLbL. iA*W*) ju^Jl jlc 


;4»jud1 -6 

*(t) aJ^I jjt AS^aJL VJ j^-UaJ A^jadli Aibj .jjJLJI »- a. -^ jil 
AJiaiil Jjfr At^JI A-bJIj Ljluwll Hi lj Jc a£J* jl A^j jLoJI J^) *LaJ 
, F(i)At >Ji (t) iLJ ^ d^iUi At^u, ^i*iS ii^j ^t) 

:J^ 

Cr* 1 -^ 1 M 3 * Ms 4 Mj 

iIjI J* jau. M^iailU aJUlUII 

AJA-ajji Aji«4 j 

.(C) JL—ll 

^ A* K liiij 

U# Mj 

.(MjM-s) ^ ^ti) UaaAV jjc. (C) jU**U >^yi - 

^jajl * 



(C) 


K * 


•>-*i 


jls. j^-oi Jb-“ t]-E| 
r J* lJ^* ji utjj ^1*,J>l' J-Mfllil^ jlS 111 _ 

M a ^ tli*iii ac j*Ji ^j^it j t {., . |. = 2 r 

M X M X 


K 


It 


Qn l._jI£ \ jAjjaaJl Ac jmJ 1 ' -CyL jJajj Lui aaj^ j ^ L- J__; 

J—bll j li*^3 jt*Jl frUiiJ t^lcU Jj-. ^ ji, 
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* jl t haU ■ | 

_i£jaJl JiiU li* ^ 

jmJI -2 

^ AiL*J uaj 

V.*- 

t 

(m)-i:d 

(s) -f :t 
(ttl's) -# :V 

A£.j*jJ\ alii 

-J 4Xr _3 

^.^,11 ^ t ^ i> M aJm^I AiiaiUl At-J ^ 1 

t t .i-Lj-hj Jji ■* Ajai-Ji A^yJ' 

AiC ■ ^ '' - JMUli a 1 » 1 l M 3 ‘Mj *M i » SF 1'^' ^ 

;■* ij^ s%_^L_>UL tj s ti 

t] - h ^ ^2 _? i ‘ r 

jUia (C) .^3—'J' j* : r 

V2 uj 4 t> AiaaJi' ^ j> shl »S' Ac __>— 



^1 — ^1 


jaJ) -4 

3 ^ AjkfcUi Ai ^hJi IfDU ,jlp ASj^i! ^ ; ^a£ 1UH AijaJ! 

a^JB Ac^Ji A-J JbJJ ^1 Ai^pJ -APjWUA^ -V 


.t>J' J 
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j x L*J .1 it . 1| i 1 . pjl ,a -hi n* i 1 *\-S -> 

}} > * * a 

(La chronophotographie ) -5 

* ' **_J SjJaJli 4J±«j Aj* 1 i i .•>! ■ JHifeJ J ^M>3 Irjijjnl^l jA 

jj UTiV ^ ..tIi jaII Ajjilu 4JJ. ^Ul &jiA -Jilij ^jjLudJui J 

^uia J f jL-** ijgjjta •-;■'■■ - jLa*') <ia ^JaAl jL*4 

Jj '' Jiui -^sjA jjki jja ( ^-kaULLa [ ■‘Ul, j L , -I i 4 1 K 1 1 A J jU-^d 1 4^ > * 1 

.i*L*Ul 

; J^aJ 1 plj-Jj _(> 

l( t) 4d*aJ Aic. M ^ ^S^aji aILsJ —i—cijjl 

ij£U <—oi J t J l j j,a] I lii ^jJt 4|a j jL**II cL-kJ 

. t r ^bt*L (t) <laaa ijJjikJl 4 e jn* j^iku ilj^l ^t) 

'(JUjj 

M>( t 2 ) 

Mi ( n1 V 2 M 3 * frV Mi 

<^SbCU 4 joj«j 

.(C) >-11 

jhJI 5jl j*JI Ja*Li 

Mj 

Mj ^ - 

5! a i_i_J ^ l ( It 'j J . *n 1S i Jit (C) J ■ 'i *i ■ I * a laliV 5 - 



jijl 4| i 


(VI 1 M 3 ) fdE 


K * 


M f M, 


11. 


Ijki jjwal j (JU-* t r t| 

: jji r y j**-*^jl 1 J—Ull W - 

M? ^ -■Jiaij 1 ^Ji ij'ut-j * tj - ti — 2 r 


Vi* 


M t M 3 

21 


k - 1 ^ Ib mK V -,4 tix^L'i I 4C, 4 jJAJ L-lj5 4 vl*i .:i ^jUj jjfc: J^-kJ 

J UuJWa cUiib ^j^ilLiAk Jjj* J - 
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■ jLuuJll - 1 

<Ujl J J5Li ol>UI U UlUi Jl ^ J- 

: A£* -2 

.gift r pj' / ^ ^ ^ r 



( 

<m)-f:d 

(s) -!:» 

(tw's) j :V 

a y .y^'i jisJb ^ ck* 

-SjJaajJ^ -3 

* j- ^ o* «* c^i* <#* m j ,M^ 1 ' fv ! , 

;2_4=w >1' ^ L ^2 

> (C) .^* 0* : f 



isayiJiu*j-» ^ '^ J !^'''' 

^ j_ji W ^ w* : ‘“' J " ... V 
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iji* .7 

i a a iji ji UiuJi -o <,j* >' ^ r* J* Jii '^ 

4 jYO JL* 

J (Jj>.) iy Vi ’i J* '*! r-Vi Vj-" ? 

.1 Jj>- <") tij 2 

j* A i* a^^ji vu^ ^ ^ e-A* ^ c^ 3 - 
: c^ (jdJ ^i*j JW- aT^ J) o* (0 :dkil 

A ]t ^UAII »U3j J* :*jSil {, 5 “) e ^! - 

. &\*^ v - 

;-i jii 1 ! AAi5 - 

_50jU at" *—i —^ ^! *jW jj^ 3 * 

_ Af^ w C^Wj\ lj] ^jflJl eld fed jS* Sjj® ^ JjSj * 

^ ^aaS Ij] -*SjuJ 11 p’-jj 1 4jwi3>^-iA J * * 3 ->*A jj^- 5 


to 












M <iaii jV 1 ^ M^‘ ... ‘ M;' Mi 

+ r ? ^Jl 4 JS ■*_i_jLwu i 4j aj S LkI* 4_fL* j L_it jji JjLi. ^ i 

; jiiiib 

ti ^ji" 11 * n \ ( j i ; a jji.' j 4-^ lfl’L- li jit JJLul 1 _ 

;4j jL-iLo j4c i ,^j Ac fjnjuil 

M|M-r < M- M i < ... 

•jj 


M,M y M,M t \t,M„ 


< 


ji Jjiij jj (V.j)M — 

" •; ^ 4c- ■■- Lt_u L^i ^ j Ac jLk^l* ^ ■»/<■ ■ ■■ iS ji. ^J>Ub * 

AlLa-ia L*a_u 

^ jj'i ^jlj *•. -~ i *^ 1 > j i 1 j <.4. u i-i.»\i -it* * 

AjaJiij^a 4. j- i }'i. ji a ._ ' ^ _. l i 

d — >«ii jtskz jp Cj^cUtj 1 ja T iLit'' a jail ol* CJ \iw ■•>>■ • ^’■'" , -'i 

^ o* A >■ ^ Al ifj 

ciSj^Jil ijjt ^ i.laJ * 
i . i flit JjuLaJl ,■>jl" if 1 ! j-i 'a ^sJl oLvjl - 

.AS^aJl jV iSjaJl ;£jZ3l - 

^*_>ajLLa Wj aIAj La] U4 - 

;A Jll m*H A AjVLdaV 4£ j&S\ _3 



* a B Mg 

iiaJ j <-^l ^ M s < ... ‘ M.‘ Ml J»^l J lii ^ 

1<j y^-ia jji j^i^Ly jyl^—^ _jjj ic jWiJ 1 ! OlaLiJ'i^ 
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< 4l«BiLa1i a sj&mA 4S - ] 


Mi 


Mi 

* 





■ iL.- ^ iiuiall 1 M>*M| 

r ^4 Lj JS ^ j - ■-' - 1 j j 

iLj 1 -Li 

m pJi^- a M d' Jc- M [; /..* ‘ j=?LLSi , 

L^Lila JoJ ii J hi il l ' 1 - 

M, M2 " M2M3 = . * * = M'iM* 


J! 


M, 


M t M 2 _ M*M, 


iiu ,jAjj M ^ j - j-] 

M s M fc 


= t 

™ A 


J r T ^ 

-\ 3 j\j p r Lr Jf_-^ ^-' |J_^ [J kxt A^Jaiui ■* ■■ija 1 ...4 - 

4 i-. i£ n d'j J ^ 0^’ 

j Aji ji Sji Aj 1 ^ ^ V ■, '\t ^iH ^j^kJ 1 wJMi - 

a *■:*■.. .,j, AjSja LjV 

«AjP jLUUJI A »jft'i-xij.U ja-j'i -2 


Mi 



M 7 


Mh 


VI 
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: I Cnj** 

:(m/s ) ^jfiuii 1 OjW ^jc- y| 
r = 40 ms ^4cm'r * 180 m/mnv 60 cm/s* 90 Km h 

:2 Oy>*j 

. 1 h 27 mn J 7^- 8,70 km* j kS > J. j *, i *■» 

■ m/s km/h -j <k.^^L 

„ i „ :3 ud>^ 

3^. <-uj jj »2h ] 3 mn 7 J^jk t _> ; 'ui „ 

.Aj^kv! 2h 40 mn J>^}j 25mn 

■ m/'s km/h -* * jik lU jll kk«jUi ^ t, 

:4 

94 km/h ^1) Ji^c ^ j,jk j* SjU, 

. 2mn 30s 
■^J^ 1 ^ jXi ^ Lri 

- 0 j * ' 1 1 Aji ■ ! » i i u. . _ | 

?ju=. jkkjl 5.4 1...J l _2 

:$ Cmj^ 

M^ (Ji.lV- 

pjtu, fVl i* 

^iL^i oijj^: ^lu}\ jc.rit 

C>*^ kir jkUi (<j) 

,41 ^Jila J£J (f) 

J&*)}\ jA Lo _ 1 

TiiLJ T*lc. 

4J iJSJ* j£ kp Ju^u -t _2 

. km/h nVs ^ 
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U,U TJ.,1/ W OO 




M l M 1 

2r 



i-i 



A/ 2 4J 

2r 


/ULUk M kS^p- Jji3 jj^h* £-* ^yss'^lt M ^ >* 

*a I^ j -■ ^ 1i-- jaiLiJ V'i-i l Vk jt njll . II ' - ■ A£ Ji JJLi * 

l ^ai l VTi 4 JL*jA kuii 

J*X ijiyA 2 ^ jj. *»x a> j ‘ -■ l “'*. 

.Ui£ Ls 4 <■ j| J, » nJt • ■ ' ' .■- '. ii- 

JU-ll ,> a"? Wi oUkii) * 

■» jV ■* j to Jj>d' *jfjJl 'Jj 1 ' jjJWi ^’diLub ^iui: 

j.<i j -^1] j’i -^7J yt, ^IkSV 1 ! - 

,i£jadl A^v ! ^J U'V «S_J=^ ^ - 

S . ^1*1-ix 'ual c, Ajjd U*1 kjid - 
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:6 

4 _jlljLLd ;Jx 4 J <-1 17 ^ *** ' *"> ] III 1 IE *■ I 

J-^~- r* 1 J>^5 : “ . 

jA ? ■■■' r jJ'l J^aUJ'j OliUn-fcl' /i"- 1 ; J| 4* i J 

<j iju ^ ,3—fJ A j£ j-^' 1 A(j ^ - I 

, ■ 1*1 « ‘l.. l '. J 1^ 

,jlt ? A ^>. !j " i^ 1 ^ 

. A^A} s\) ^j) 

l cm -—► 0,05 m/s : JA®^ 1 

Jit, V^JUJ, j/ll jjA • ^■-■^ k_jibdl1 AS J-i & JJ y* iji Jp h_i* —i 

^Iaj .lit ^j’Ji ■-, , - . ' ■■ •-■ , i ' ■- » ! B jijJi' ^-ojh» Bo 1 11 y 1 -- 

, ^B^J 4 ^ I* J 

. B s * By By ^ ^ j-i 1 J* 

JS iie <LL^ B4‘B 3 ^ ^ >“*' —?* 

V_L=Li.^*j 1 jLa 

1 cm ——-► 0,1 rrv's :J£^ 1 ^ 

^ O.J.U ^ - - 1 ! ^ i j£jj4 sjS i<£jujJ^ fr-ii v*** 4, ’■ Ji - i ' 

4jLj wIIj ^1 C>>^ 1 JU Co 1 ^ -3 


Jit ? ( T 5>£ Ji ^JMoia L« 

. C 7 ‘ Ce 4 CV c: 4 * Cj tU=/Vi ^^*211 ^ J-W ^ j^ -V 

v-^a'j < C 6 ‘ C# U“J^ ^ Jo* -i 

!iu 


l cm 


0,25 m/s :Jk^' 




. i—'^ ~- ■ ■ 1 l ' ^ 






































































































Wd ( k 'l) f d {^} p cL ( s i)M (’l)M (MK.i 
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5 J ,0 UjJ»j m 5S*“ t^ 1 (17 4-i- I 1 V MR* ^ 

**&V*io^ ^ 

.^1, U yift t-jJ *5£j^ '-W 6,1 ' 

.6 O *4 0 .2 rt -\ 

« M-l, .5 .3 ^ aP* J-* .*« fc— ^ 

1 cm _-» 0,1 m/s :J 
.id j-Ji ^ ; ^' *'>- ff 3 - 1 ' 4 

:8 OiJ" 

U4. u. j uV- V»- r? Ay* 

z = 0,4s t#!* J£ <jjLuUdj 

( 1 9 i»i- -1 - j^> ^j 11 ‘S*-* M! > Ji :| ^ ^ 

W JHj, Mu £— 11 ‘-^' ^ 

+ -J ^ •" 

M j-.^ 1 - dgJ _/—* tA^ U - 1 

i 1 1^-' . J,Vi l-~* jl'i l3^j 1 *4“=4 j* t^ u ‘- 

u“J. 

«,Siji jsicl* i ’ u “"' ^ u ' • 


!.../. ^.1 T*S.j*» .i* j ~ ^ liU - 4 

?3£ jiJl Ja.1 J* j* <L4 “5 

■1U jv. (J£i ^LiidJ^b -6 

iS jaA' 

, = o Ak. U JjV' o' ^ ‘ViVj W-y ^ jj A? ’ v 

Iiu .Oilffi. o^J* <>V J-M >3^ 

j 3 ^ 9SjS' ”* 

pAl Ai^ JflAaaj -7 

l cm —-► 0,8 m/s * 1cm-*-0,25 5:^' 
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I cm ——► 1 m/s * l ent » 0 , 4 s # 

■( U o* jlLi | V > ^ -1^ >» mjr ^ +* ■ • ■ ■ * J i 

. ] s, Ac J*Jl _JJLJ ^ b.bj Ani-U^l* A -.1*1' „* |l | 

: 1 2oj W 

M(yj* M S ‘ Mr Mi* Mi‘Mo -^^9 ,-■ •* .*1 

_l2jb *<c j^iu jr-lx^ ^J-li >1A a£ j^2l 1 L aj 1 \j ^ ,«, > 

[ ! 

« 11 

.^■ A.k>J l ^ D JjjjJil 0 *0 . >il' --** J 
. JSJ* 

S*r^ t _j*iij aJ J LJc. tASj.iJI Aa*i1 * ■*+ 

L>* A5U*.a ,_J£ jJudJ ^ j- | I E jL™J ^jkJU ■ , iL^L 1 *- - - -^ N j, „» J 

. M^Mj* M 3 M*‘ MjMj* Mi Mr M.iM, - 
*Vg = 2,7 m/S : JVJ^ jjj * ^ >- u -^* 

. ^ ^ j— 1 

Mr Mr M 2 * kr V 4 * Vj< V 2 ^V, cAt ^-uU * 

Llj Jl ^ 1 ! ,^V* 

Jl\j to a£^I Mr ... * Mr Mo ytiUI £Ua> JL * 
v#^ * j_j—oal jl i*j£. twjiLCbJl j^jk^suiL ■ ^;' - Ju —j * ■ 

. A**jLJ l ji^-sllj M ^ j4' 

-MoM s — 23,4 cm jj r = 60ms J£ ^ 

. I cm-► 0,025 m :ptK 
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■9 u-jj*' 

^ ^ fj, “ jJ 0 -»>J» ^ jtffl *> e*A>* > ^ 

j£^^ wrA£jJ1 ^ 


6 *5 4 *2 ( 1 ^ 

W' ^ '*>> iji ^ ^ ^ ^ ^ ^ 

ij 5 *4 ^ ^ *»** >“ f* ■(. 

1 cm-^0,2 m's A* 

^v-4 1 ^ 0 Lli^ Ji*-i -6 


<L4 


.7 (jjj 0 (ij ^ ^ J“ 2^‘ ' 7 

:I 0 jdj" 

usj» ^ ^ ^ 0 . p ^ ^ ^rf’ 
* »* ^ ^- 3JL) p,, : r= sL; 

, iJ V f P <£ J3k 4 i j h U -1 

. t * i, 1 - J Vt^ Ay P J aj a*^ jlail ^4' *- 

■ ^ *»‘ 15 J t3 ‘ t5 J l| * 0.C- JS JLfi ^ -3 

. t*‘ u* ^ r*J; 4 

1 cm--► 0,25 m's 

^ ^ ° H 

ill 


1 0 

-1 

1 

= U'^ 
2 1 

L 

3 

ji *-ir. . iw 

4 

“-‘j % r^ 

5 

6 

_B22-_L - 

Vfm/s> 1 15 

16,8 

18.6 

20.4 

22,2~l 

24.0 





^ Ajg.vJi'i 

^ U- 
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m 4 


IYU 


M, 


M 2 

Mi 4 


VI >»-* 5 jS j£ ja :J : ^* 

sr* M 9 i ... ‘ M2 1 Mu 
# jS 4JHUI ^41 

Ml . ’ . M ’ ^Vl gjS 

( m M* j 

,-*u ji. • {• ■*! j ‘ , L 4 iijtiv 

* Mj| ^ «TiM ^-JolLJI JalilJl _ 
^JaS) J) 
iia.^L: Sj£Ji J ,» .-*. *Lj< - 

M, M 2 > M 2 M 3 > Mi Mj > M4M* 

. 1 J m - tUj' 4-lL. liLi i JSjI 

; J -=»=i^lj b j£ii J'jjj ni-ul - 

M^Mg ^ MtjVfi *C MtMij ^ MgtVty 

, JA* J-muU Sj£Jl aS^s* ^ 

iti-s. ^ ■' ■ • ■ - ■■" 1. - ' L SjjjJ^J', J j£j| ^ ^ ^ 

iJ^-J^ 1 Ljf^ F r c U j^j. b jpj^i ijl JJ a j£jl jS_>4 lidij 

i Sj jT®' A P r At^uJfc j^ iW-** *-■ 1 - ■ il jji A-jJul i5j 4. i_'*jl J|'.ji j. ■•'iilijjj _ 

’■^ ^1* 1 , J* i M Mi H |JjJ A I il'i ■ Agjijll 
_6j£j) Jj£^a ;a ji!‘ jjjLj Ala&j * 

, t J ObuJl l i ^ 5 jSll j£ j* jUJl J jiLill ^ : ij2l * 

o jSll jVM 5 j 3 ij Agylj Aaj 3) S.Lill * 

J* jLulJl Ajflji* ^>1^4 yji SjjJJl tUgij Ac-_>*Jt tUJi Jll^. 

:sjr M£ 


M 5 


vt 




Pi:. 


7^ 


Ms 


h Th" 


}' 


V. 




Mi 

« 



# 




■ A Jkv>*!\ ijjiUI 4 

(j* ^7 4 ■■■ 

J^LL .j 1 - 

iua'jilij 4 j ^ -= 

j) M 7 1 ,- 4 Mj 4 Mi 

b jjVi 


* Ms 




r tu^aji 






Mi 


'm ( \i^M;= M2 VIj=. ; .= M6M7 

j^j ^ * 

;^L Uj A& 

t a tic. :' i ^ 1 * 

jut j'—*li f£L*A\ j* * 

>£ jzJ' ^ * 

H_p\\ W) + 

ji >j>. •> ji ^ jy-.t^ ,y 

»• '>' *f 

j_^|jll J—JI J* «!»> A' 


:J 

1 30^1 dl>tll (^.y \-^ y,fa ^ * 

- ^ > j > sis; 



Ay5 :3 -^ 1 * 

^ 1 *^. 3 At £ 1 ^ 

- .-.Wm Al 

jjj^i JL*a 1' : t) 

| A^aJ !> ■ ■> ■ M 



















:15 uij" 

ijU-1 ^ jL JjHI jS*. J* 

•■ J* 50 km/hV j-w pj^ jj jL Jt S0km/h 

_► - h : 16 

•Jj 2 — 11 j.tjb.Ui Vj* V,i( 28<»j->) 4 «3 < ] Jiti 1 /' ^ 

a v"= , \T-\T, + \f, 

.UflUaJj J£ Jjla AVjV^^I «<1U J£^ ijL 

: 17 

j* ytfui 

■ r ^ j ^ VL^ JiLL O U iJib Jc 

.4^ ^ jia. f a ALliil ^ l, _ | 

»A 7 * A5* a? ty°^ j ^ 1 ■ - jiU. - 1 

1cm-► 0,25 m/s :UM^ 

■ **J*" 3 A** A^ Jl* -3 

1 cm—-+o >25 m/s : 4 £*^r^ 

^ AI^lUaj (OA 3 } £- AK (*M) iW* jjli .4 

IjL* .(OA f> ) fiSl—ll 

■At 1 Axj^ijll ^ AlA&jJI ^oi ,UUj „ '., ,J .5 

^X> bU 

.l^ 1 ^ Jwj ^ ^3 jj S J J* -6 


4 



| 


:13 uu^ 

,V= 3,7 m/s 2,4 m u> J-JJ*j 

j^l\ j. UQm f“J* 

_^Im/s , l cm-► 0,4 


l cm 


:14 

AO km/h **■ 0=^ iJ* 1 ^ ^ OJ ^ ^ -Jt 

. p 3 * p 2 ‘ p e'^v^ ^^ 


P; 


















* 

A ( • 


O 



- 1 - 



- 2 - 
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il 


:\Su 

JA, Jl! -1- J^) Cn‘... 1 C- l t I 

l( > *#SiiSi *i»J» y J a ■>- ^ ^ ^ c jSj-H 

Js^ OB r = 40 ms V-J» ^ ^ 

>uv, a*. <xv... * ocvoc, «=*»—■ ^ Ul 

It c <£j=. W> ^'^-2 

. Cm* C,‘ C 5 > C*-^ ^'J* ' 3 

lcm-► 0,2 m/s tJ^A* 

e±yA J Alt J C^jJI ^ ^ ^ * 4 

I cin -_► 0,2 m/s :f-j* A- 

\f*, ^uiii jj*i .jauua jh —^ ^V 5 

‘ *• ' ?(av;j 

'jia-X liU . A?C j ‘*A< ‘^-^■ l - 6 

.n . .i.^.i - ..~ii c> j-m *» u ; 7 . 

:19 Chj*> 

. p,,p. *^1^' Mi— <> p ^ 

4A.j MVW- J5U. >il Ji r-® J ^ l (31^i— -2- ^)P**-;- 
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* 9270xK)'' m < 0,56x10'"' m < 0,00000305m 

.523*l0 !7 m 

. jtjcVi .i*J vjji ijtsai in i. ] 

4j3 j jii -2 

:5I Oij^ 

t (jSJ ^ (ni) -J j'-uVI jjC- 

150 pm , 26nm , 21 fin T 150/«f 

:52 Ojj+i 

4c uiSl £ JiSi JjiaJl’ 


0,328 x lO 75 ^" 

JtjUac. 

4. 83 x Kr J Ke 

5 >Ji' 

5,98 x 10 7r Kr 


0,634 x 10' J Kfi 


1880 x i6 m Kr 

^ J',* rVl 

563 x 1 O' 4 Ke 

J-J 

86,1 x 10' 4 Kg 


99,6 x 10" Kp 


0,012 x KpKg 



vijj J(J,I .jfA ilili <_2&'i j£jl Li 


6 ? 


^ UjWL Lj&JaJj aiull J- jj^ * 4 *^ J ^ f 5 ^ 

T-U.u .j,_p£J!) Vj^ 1 '“J^ 1 ^ > J - JI SF “ U “- Xl1 

v® jSJi ju jjSn J! •(- 

1 jiii Ju* ' J* ^ u 

C mV 3*10 Jl g -* J^J V’- 1 ^ ** jJ* ^ ^ ** ^,, 

■ ^J .,,1. ,.i Jl*ii ijgi U OjSII y i-’it - 

,^1 j*ji y, JL»- J—, - 

4L.LJI jWUI (ju ■ jjfc u4- “J^ 11 - 

■ l.wjl -i, i-WVi 2* j* 

J j\ jpill _J Cjl | J 1 ' 1 - 1 ' *> \jf- 

i+Zj > 1j^ j-4-i .Vi- J-** j* J j, ‘^* il y * 

^ ■!■ jn 7 } y —2i _jA j 1 0 ni 





















M0 0 0 0 0000000 0 000000 0 0000000 0^\ 


** 00*00000 00 0 0 00000 0 000000 0 0 0 0 0 0 0 0 0 0 








:53 t 

J&) 1 ^ lW 1 S3j o' U* *l*A' J W' =03ij ^ ^’ 

.(rrw 


—[ 

jja' 


; ^ ;J^3 

- ] 





800 m^ ,j: J l d»-| 


Aioj Uy& 


A_di* 


?yj* J> 


- aj j^S] 


a\ jj jb* 


:54 


.(a*l) -1 

^ /p 4 22 a.l -* J! k ^ J ^' 1 

CJ dpSI Vtfj* ^ ^ ^ U 

* tli H \ _n 1 ?7flfffl Irm/ft 
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; 53 

] Kg ite SJjLL jj! jUSUL- oUjS 

.d’ Jm 

^ _A J i jS JS L^J ^jll > iMfrfl! jijJ ail L. 1,. -J _ ] 

- J^ 1 J* j O^jV'' JJJ Sji *il wjma! _2 

^ s SB- ■> oh>1i c& iji jji _3 

. „ J -fr^ L> 0^c5^)j 

M~ 6x 10 Kg :4a£j R = 6400 km .>jVt jU 


_ j :56 

g ~~ 9 ' H N , /Kg ^ 1 lhv^i J* ^ JS J j# 

\+*h~ Je. f^aJl lj* J ^jVl l£ l^HjS JUj 

M = 5,98 x ] 0 24 Kg 
R ”6380 Km 


\ 

\^ajj\ dil£ 
‘L* J*** ■— e. _-> j 


* 57 

^ > ij^iei y—jui v^ji i^i£j M ^ y-jnVts 

^ + Ji ^ 1 l J* o>j R = 6400Km u M J Uk. if UJi .>.i 

g = 9.8 N/Kg 

:58ut>: 

ixj^ ^iJjLjlili infill Sil . i . .,-n 

.jrittj t>bjVt -J 
(( j**illj ^jVl -2 
.ijjSjiJt JojLa jj'i _3 


M t — 6 x 10 24 Kg :o^ jV l 
Ml = 7,3 x to 2 " Kg :j^Sli xli 
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:Ck*h ci>*^ 



m UaLittS Bj A O 1 ^?- 
jj^jjjj i(J 3jL*M Ti ijj <J« n> ' *m'j 

S jAi k _^-3flJil^ . Wil 

(AB) 






/ji x m 

d i 




G = 6,67 X 10 M U(S.J) 


(N) : f! 

(Kg) -j : m, xn' 

(m) -i : dl 

^ u^l culi j* :G 


,j;jjSil A_t jjkJli Ob ^LoiiJu^-S r 1 ^■L*-'l ' r ' h | > '' sjjH 1 ^ 

_ l i^ 'i jiL* t ^r&i 

















Mg ■— 2 X 10 Kg ^JninnMl Ajj£ 

G = 6 t 67 sc ]G' n U(SJ) :pU2! cp 
d — 150 * IQ Km j 

^- , I ■ ■ i j i U,^ ^M 3 jVl ^ J-=h ^JJLJU 
Jjat J-i. t_k*J*i*ll jjl La* l 

1 j- 3 jV' iji tkj-Jjja ^j* ^LLsJi _2 

■ lJ"* 1 ^ ’^jfi ja. *Uj' 

.IjjJui < J»» J ^wajV^ Jji=- Sjill ,jfiJG lju -3 

.fr-lilj jj24i J^jV 1 ' J " U , a. i ^ijl AjL^Jl ^W4ii -4 

V w ^l! U Jju ^jVl L*j ^ jaIj ^jJI ^ u .5 

:63 u^jh®j 

(lull tUS-s ^.Jt ^Uiv-I j_i ^ (Arabsat 2A) CJLuje 

jjj jJH lj* JljaJj AjijJI Jji! Jjj Ajiil^Jl ^iVl—cV'j ^jjjtlil 

<J*j j- d = 35800 km £li3j] jt t |_ l» 

“J * 5 jWV 23h 56mn 4s >□ jVl > j* j» •_£>■ 

O'jj" 0*Jf ' ^1 iji.jl' »iJl _jjj ^1 ijjli, Jc. 

jii—j#?. jLjV 1 J. £jill 10 , > jja _ uj* 

.(Geostaiionnaire) 
*2 A ^j4k. jAii ^ ij _j 

2A jl t^Aii AijJ -u^l m*Ml\ J j j lv r -2 

* ^ 1 *' J ’ 1 k 3~ a, * l ‘' - a b G 2 A i, - J ^“J J/C' t ^i A ^l jud ■ A jAJ-' 4_». ■ lL ^ 

2 A ^'u*jjt ^i ia..-4! ^ i- t, S ,4 
-° J^ ^ _5 

* R ~ 6400 km Iijk* jVl ^ t. ^»i 

M t = 6 x lO^Kg lu^jViysS 
Mf — 2500 Kg :2A 


7 1 


Ms= 2 * 10 30 Kg -u-^^ 
d = 3 t 8 x 10' Km : A^' 1 
d = 1,5 s< 10 s Km :^^'j u*C& 4iU*li 


j* J 5 lA- 


;59 

,m = 60 Kg 

^V- i AL" “ ll Ajil 1 Diw* ■ I 

: UUl! ±£\ p 
■U*J^ -' 


^ Ji2±A\ ^ 

< y, ^V--! 1 -2 

rCAj-rt^ 


R,=6370 Km •a—i ‘ M T = 6 *10 14 Kg 

R,= !738Km:»j^-^ ‘ M L = 7,34x10“ Kg ;>Ol'AiS 

R, =69800 Km :*M >Mj = 1,9 « 10‘ Kgv.^ 1 ™ 


:60 0j>“ 

jj (L) >il‘J (T) ^ M!j > P ^ 

p ^ LSjI I ^2 o>.i ^l»s rn Alts ^ 

.C \ ' I J s“ ^ 2 ^ 

■ jl_iia3Ljij' 

M r = 6x 10 M Ki’ :^jK'4l3S 
Ml = 73 x IO Ji Kg:^' ^ 
C,C : = 384000 Km: A (C 2 )j^1'j (Ci) .j^j^' </>->« Ob ■»?' 

:61 

. ^ ^ j t. tS 2 ' i jjiajVl 0)4 v 1 -^' OA*^ k - lh<-h 

.Ci'ujjjSl'/' jV 1 

SJ **^ 1 !>=■ A O*® v liU 

T3! jlll 


:62 6ej-^ 

Jujjii 365 o^j* 1 

Mi =6 x IQ 21 Kg :o^Jy i ^ 
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ChJ-^ 


:64 

tQ' — I Q 9 Cj Q = 3*10 jM=*j 

.d — 4 cm Ug i >wj je 

fjj;|A*AaJl ■jjj. j jill ^jLria ] _d _ 1 

S jSLij i jfl 1 j$ i ^a ,J& _2 

a yJ-l^ a .14 tJui ■■ • - ■ -*- ■ >3 

:65 ol>^ 

u’jjj^ tji = - 5* 10‘ C * q 9 = + 2* 10"'" C 
» d ' ■ - * j uj -**41 .4 N &jjb 

/•LLztsl JS AjjLjj^SII jil) (JJji _ ] 

, d l -2 

:66 Odj*j 

0,5761V Q j|1"ij'. /jl*>ii .t jjl 

, (J | = 5 cm ^ ^ LiiLc. 

. Q d : ^ m.Vi k± jaajl ifcjl -1 

,d] — Bern Jjj ^il>«n^l g- 1 . mi L^ic ^itjuli oiy i_ua! -2 

:67 ji^ 

:j* tji ^ j ) JSTf\ j j*Ji! 

. r = 5 s 3 x iO ril m 

-.> '' 2^ ''-Sjilj&J.I "f?^. j^Sl' "? jill :sA*i _ \ 

' "?j' ■SJjibliJl Tv; a jill iiJui 2;^ -2 

\'±a + ^ J^ E jt4jSii -3 

;wljVll *\\ 

.m e -9xlO°' Kg ^ =-1,6x10 ^C:ujj3Sryi^ 
.m p -1,67x1 O' 27 Kg :*&& * q p - +1,6x10 19 C Oihj^ 1 ^ 


77 


a>^ 

4 d 5 4L~« W+ J*-**J q t( q UcAl - Ji ^ 1 B j A 
( AH) Alj^a 5jjb J L +- a * J J* 

;'^J^ d 'ljj 


CC)+:q ,( q] 


(m) -j ;d 

(N)-j :F 


j 


O'uii. jii 


9 K 



q"*> 


10“ U(S.I) ^ ^ k ^ 

:i J£» 

P^l i^i^> -i-.■ '»— _ ■- j 1 -—! '.■ ■'-i 

_L-jJ ) 1 'uj3 





:2 

^j’tliijWL* jl4J Ia^h q'^q 
^ jSjlj) '‘Jji 


;i-a'Jfc A^ai^La 

Jj Lw' I _x-^‘ - 1 i' 

JjLUI Jai!l >_iU% ,., olja-Jlj jUVIj ■ 
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•'JjW J-Jl ^ L.J '.'Ojjll 3 jLS ^ J.jS^JI Jjili ^ u _, 

^ j£JI ^ -As* ^ s j® gau .ahuii tin .2 

. .„ , .^j!l l>jj ^ 'j.'jWj 

J ^- Jbjl <j 1 ^ <->=Jd Q' AjjnJI ^UjiJt _~. .1 .3 

- g = 9,8 N/Kg v 


:68 oij** 

tm= 1,1*1 O' 35 Kg 

Q = +l,6xlO-"C 

. d = 23xlO' 10 m J o^j u oh 

. Jj" J J l ^ - " l % l “ 1 

jLi jhU <l2*LllJ\ fUll ^ilK'iti L-iuia.\ -2 

w-fliJt IX* M ■iij *** 3^ UJ 15 -3 


0 



;69 UsL^ 

U*1 {S 5 )j (Si) JM» S^ 

iia-Ll'i m—l g r; ^' 

jjaill ^ j . ! n ^ i djUalitrf tQ — 1 0 C 
i Q <W&VVi ^4 ^'ilu*j J t_>“^ 

, d= 10 cm op ^ ^ 

’ / vjj ■Kjjl w kLal 1 i J'jtiV ^ ^A J Ubh L* - ] 

V*>j(S|) 1 jS bJ 


?(S 2 )!>5'j (S,)^'-m 

J»“*j(Si)*jSi'~* 

VJJ ^ ^ *' • j ^ J&J 1 j t ) *—*“ ' . ' ,l! ^ 1 “i 

.^jVij(S,)ijSl>-' 
.(S^^’jlS,)^' -- 
.isilljtSOijSli-!. 

y ~J jl— m\\ 

G = 6,67 x I O'" IJ(S.I) :f^l vM ^ 
K = 9* 10 v U(S.I) jl £ && ^ 
R = 6380 Km :u-='- Wl; 
M - 6 x 10"" Kg :o-jVl 


:70 l»>" 

Q =+3.33* I0' 7 C 4i»-S J*»j A '■&&>,/ 
vlj*]i j AjSu. iQ' J**jj m-4,9x 10 1 g 

.jyjji ^j 1*1. d~l0 cm ^ A 
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l> Ul 11 . . t I * 7 I 

** f 1 JA Jfcj fcM J^I Jd^U J*ijl ^ L. 

;<JU]\ 

? '-> MAil 'j^ J VI ^Sj£ jjj.j 
■ ^ Ui^JV'j afi JJ^li u* -2 

?3 jj &\j4 Jib jdj -3 

. _ . :72 Cnj** 

- if J 2,4 if °" 01 ■** ^ ^ U^JLM <j& J-Jil 

• q - +1,6*10 C : < '^i. nyl,67* 10 '“' Kg jjil SIX 

J& fUJI L-il*Jl SjS Sd-i Lpiutti ^] 
ut“ jiti^i o^ . LycJ _2 

JiljiJ'. jLui >*13 .ojjjilt <^pU 

*> J£ 11 > ^ .a»-S> ! LtHji > jja-j£jVl ^US 

- 4 .',11’n *19 1 °" W m ^ ^ • Cji J a J 'Ji 8 ^ 

q +l,6x]0 C Siia-li mp=],67xl0' 17 Kg:jj3jjJl^2£ 

Jjfo L> ^UaJ! ijHi -1 

^jujjtau p\ ijill 

•U&jft j# j-o^LsLiil UiLuJl £^il! ^ J^c. _2 
^Uj_> ^L-U jc <SijiH ^ u, _3 

K=9*IQ 9 U(S.IJ : 

G = 6 t 67 x ]0' n U(SJ ):^UIi 


H3 


Vy jaidi ^ u*^ y* - 

JjjjJl 

u£ll Jflljiall idA t> Jilu ^Ujij Jjjl jfl 1 !-^ - 

IV jtf 

jaiUSil Jj\y M Vyl'i J 1 -!^' - 

^ jill JjUUlt Jdtt iljJ *|U-S l3^J 

Jl 100 “A' 1 0* JdLmill U^' - 

jW ^i) 10* 15 m °j4^ ^ 1(j0 






























yjjK 

* S J-* C“UJ; ;S1 

‘>^ t ^ :IR 

.^jjjJI Jiii : J 
, -^yi 'Osmi lie ^laLd 1 ;]Sj | 
gf jl^I 1 ^1 JjjjJI ^Uuill ; ajAM - 

,-!jjj3S <U*li lie ^Ujtj, iJj]l _> jLUi 

I ^JUJ 51 <»j'j# T jL-^V 1 VjU ,jJ"-u : 4r JZ£fr ajJilft „ 

:^( 2 )*( 1 ) 0 ^IljiJ-“j 1 I 
nj sm i = m sin r 

^ {2} *(1) a*^ ] jlji-j Jbilijja <J J&* n 7 * n ( 

- 

, 1 ^a-uijSt JIm&j) <jj ji :n 
2 -L—i jl'l jLwlSji 3-UjS ;fj n 


jL-Hy Jo^jj - ^ 

(, J^,l £t*A l -^V n U>J j'uAj) iijjL JS j_.,y. 

>\ja 

c 

fT - — 

.(m/s) -» Jlis l! ^ r j^aJi jUaiJ -Q 

*{m/5} -J jlLli' c _ j» ^>l l jAiil Ae j*s ;V 

^ISfcJyi s>&tb -J 

J) lUij ^ n ] ajUAjl <iajl ( 1 ) ia^j v^bui jAIij 

^ n 2 a J— (2) i^ijj jil I4A ^ J^UJI *JLJ| 
v *' tfj) S^ 1 £l-a ^ Kn]=Wte) n 2 o- jfi n, 

AJJJ^ J* i *JJJ II 4jjlj Ajli 111 (2 JJ 

; As^aILi AS h*_iJ 1 f- A.i w V i 


sin ? - 


// 




S'* 


L JJ* cH* ••**» * ^ jUSi! ^ 





-iiU*lll iU-j'i' ^ *jAi\ lJIjM -2 


J# ^ C*"* * !l#jS *~“ J ““" - 1 



88 














tjij*** ^ jli tii j *jyi -v 



.jj4j*U £j>Jl Jft Jjjjll ^ ;J 2 
.Jjiail -Uj [ 3 ^ :NiIi 

■£ 12 5 ^ il :N 2 I 3 

.jj^jaII tj^LJl Vj Ji ^:SI, 

^j^i 1 ,> j jUi ^u*iU ;] 2 r 

J^i^l AjjI j ;A 
(jit jiwSjyij jjjjji Lii^j r,*[, 

j J jj^ '^y j U* 

.(SI i } Ajl jM 1 ^U-uj1 ■V.iUj i_il jaJ.yi j£ ;[) 

jjUl £* (Sl|) AjJjll £Will Vj**i ;[> 

.(I 2 R> 

*(W jj^' ^ r 5 (It) J jjjN Ak, jU&yi ^jis jjiUi 

;AiJ CiIjIjjc.1 iiL_^1 

D = i* + i> - A 


‘*1 



ui 1 “3 

■ijjl-1 JUaj £U*i tjill til -I 

d ^ ^j^y 1 

(si) j iy* .jjLaid Ifr A J. ^j 

( 11 ^ i irt 

(n 2 > n L )Tiit> J& b ! - 

D = i-r 




(iii > n 2 ) nz ^ j£' niJ^ u , - 

D- r-i 


90 



















ill 

j! | ^75 ajLX) ios J C Ujj1 <j* J gU* jSi> 

- I = 30° -JJ J Jz £-* rUa*J1 

ji jjii pi % i M i ^^ii *ji j^jyi ji^< jA -} 

\ J*&±A £U*I Ifl^V Jj! j JJ&1 Jfc. La ,2 

J JJ ^J 1 jj £U-£ J^3j h! Uk^XJl $j*l]a3i j* L* _3 

?1 =35° 

:78 £*>^ 

J*v n *jW&) <Ljji Ljai jj j _ji ^ ,pu^ jsiL 

jj-aLjWjl j Jjjjll ^jjl jl n J4I1..I Ji 

CJL-Ua]! Jj^ Je ^l^jl r J^&yi 4 jj|J J£ J 


i 

23° 

33° 

38° 

60= 

72° 

82° 

r 

15° 

21° 

24° 

35° 

39° 

41° 

sin i 







sin r 








>^£<1 J J-^Jl tj*&f - J 
sin i = ffsin r) sin r <JV* sin i -2 

^ sin r ^ sin i jj yr^j ij* ^ jli <o*ii ^ u -3 

. n jU-^jV i ^-lj ji ijjc. -4 


:79 C>4j^ 

, n = t j.5 iOjjtf j a - 60 Oj *%i j jj^j* 

.ij - 30° Ajjj Vjljj ^ ^ kUL -U^j 

AijaJ Jlla J J^UJLI jLL ^ j\ _ 1 
J31 1 jlu&yi jjU Ju-dall ^2 

vjjfi T] j-sjyi j J 

^j) Jc iijMfcyij r> gryjij -v 

aj-LnaJ *U1 PUJJI u^uu ^jll di^'j-^yi dfc La -3 

*1 j) JjS'1 


‘M 


o 


:74 Chj^ 

£ pic. *U1 J*i J ALfij ^j£ 

j- cS> V V* 

+ jj*31 O J^ 1 

-siuyi u*lo>» j 

JuJl l§Ij9 ■ , A-^J ^Jiii: Jj 

s P £ ji Uji i o ^ > sJ^ 1 J) ^ 

sLt jkLju 1 jL*i -| 

m <-ij*^\ Jjt J] ^LfjSJl -j' 1 j t 1 ^- 1 J 1 ^ 

:75 OdJ" 

J v'ulJAI ^,J 




J6 04 

fri ox J! J*-*» ^ j*^ ^ t ^ 

. i = 43° j JJJ J 

X - 27° :^-^ 1 15 ^' 

t11i ■= 1 ;t t j^j 1 . jU^l 4Lja .Ju^ 1 j^! ,2^' 






























O# D kij\j kua £U^ jUm, .3 

* n = V 2 J-& j) <^ja J>Sf r j^jii 

:83lH>-3 



.*JiiL ejliii frLb] jks <t 4 *U 

ur M 3 (W o ^il!l JijJl ^ 

«JS411 ^ i*—jJl CljUJlj ^Jlill ji^SiVI JjM JUi-L 
r^iLss' jt^yi jiijj oil yiisii ll-jVi os > «-«iiB j**, jii i. ;; i- 

n = 1,36 ;Jj»sli- * n = 1.50 lOaj ^ 1 - 
n=l,35 :J^ ] - ■ n = 1,33 ;*Uli - 

•84 Ch^j 

■M-^ 1 QijIjS I jUjcJ _ [ 

Sin i = n sin r 3 
n sin in - sin i 2 
A = r, + in 
[)- fl + i a — A 

95 


Vi. 2 l 0 j' i"^| £ laJ 1 1 <K-^ r' 4 ^LkJ ^ d J ^ jt 1 ’"4 

^J) JJ*-* - ® 

JjjH ^^aii f-UJJi ^Uj yiU D ^ ^j'j -5 

. - 1 ^ 

J jiaJ - 

:80 uJ^ 

A - 42° vjj yj jjoij^i j ^ W^j^- £^* 

Viji ^uli< ^ i 2 - 82° Wj jjij-to ^ > eA?j 

;uuiki 

^ ji ‘ii vjjji -2 

;81 0 ^ 

^Vjj Aj ji j L^ji jj$^ ^ y 5 ^ u# 

p-UUi a* D ^ 0 iii ( 10 Q J- w&’) utH>— 

-vioUJo jJcwu vi jalj-ll jjM ' 1 ^j - jl 

D - (n-1 }A 

p tjiSf jLu£jI Viijs n ^ J ^- 



:82 

n PjS —i-aj 

vt ^jcs j-4 O _£>* 1 R ^ 

l»~ l_l j j ,J. 1 ti I lit I I I 

(Jp. 4*00 [ Vlaij _^3 * 1 \ 

_^S _>Bil 





? I - J J ^a£- ^ ^ >- s ^ 1 

^1c J^aaJ cjSH > *'*' JuAj) ijjji VjiaJ ^jj 1 i= j^ 1 ^ -2 

f 1' yuaiU iit 4J.I ^J|1 J>S\L ^ P-UmI 























( 2 ) 


ABC JSZ aJ ^ ^ 

^ a v ^i« 

n=],56»jL-‘.v 

‘C 1-J ( 1 ) jL«W ] 

^l . L ( 1 j c.L.,^1 1 . .V- 

Ai “S (2) £l—ill -BC Aijii Jt. 

•AC ^jic. j ]j 
<u'j «*>4 JS ^ '■ -J ^ 

.^jijsLiy i 


'>7 


.rajb £ U2) J*V n ^ ^ ^ ^ ^ 

■ ^ ^ ^ , 0_ + 4 


sin 


= 


A 

mn i 


*. ^ ^ tw» r^ v ' i i sZJ£ 

7 ’l - 1 ^ 1^4 "*■ 

^ p^’ jjj’ ,' # T. l ^ 

■ p m . \vj, " vJ-j ^**11 »i* P&i 
^j J u. jjji' ^ ^ ; A : 50 c ^ 

:85 

„ . * I- * - 1 7 B iU-£j* .P^j J 

^jUi* 221- > *>■ n - V *- ■ ^ ^1 

Jji^Jl BC *»j® J* ' l| - wJ ' l> iJ ' J ^ ’“’ £l “ 



.ABC 

- f-uil' lj» j 1 —* f-'j' -' 

.sji 


:S6 

, .. , • iu^ du*j i-2 * A =60° *^Jj 

‘aii'j Uj*— 1 JI -> aJ . ‘“^ ^ £W a Dm=30 

VJ ji.i' -^-j ^JJJ 11 Vl'j */* *7 •' 

J--....I I e ^1 lilA ^-=*‘ 2 


«)r> 
















~~r +l d^s, > 


■ ^ j ' " j l i i S jj t j r j i 

■*^ * r^' jjL .. :£isajsn 

^ 1—ili^j Jauil j J,U^J | 4 \ * k « 

W -Mj'j ^ fe-,...J i :^-y-* 

ju^iiju j 0>L: 

jjfij-ll -Ujlj ^AS. L^J 

:a>u ' V>JI £U^VI ,2 

*jJ^' Jt ejil—JI :V^- 

.(E) ^ > (Ujliw-^T' t • ^ 

) ^ jlijl *U jaJl JJAamJ J 

J“‘ fl Oj 2 ' j» j Jj3 i> jjSb ,ja tilaiXJI 

^ ^iUJi Je. 

^ : ^ JI 

> A> ^ > jj .£i^yi jsij; ji^f* 1 J#:kjj ' £ ,Jui '? fl ‘Au* 5 - 
^ u-9 jUt C^V' >^j 

^j^v^ij./ j N 

jitijili ■ , -{H z >>j*Jl 

I. : , ' ^ j-Ja plsJi 1 J,£ VluJj 1^ 

•«L*'j(m) jH . c , : „ j v^ 

jijj i/r_ jUsijjL 4j Jj 

:£WV1 Ji, „ - 

( J^Ea <i^Lt . 

X “ ■—- 
N 


-([ Iz)-ji :N 

j m/s) - 1 Hti -1 jji ^ .(m) -4 :\ 


:jjA>* ^ .1 



£jl4 ^ ajjU jl j jj4>° 

.(.... ^U. f Wl [JjjAuI'l 

4j jL»j IAcLjui S j Jfei' AjaJiJfei' Jjl 

Jc- J-W. (E) ^LiLa j^^al! ,> WjUll ^ J4SU) ^ 

^xj^a ^ <JJ^4 J P->Maj' ijJa jj^U 

;SJiLUl Lj k- JkiiVl ^ 

IVJ ^ -■•^ n 1 s^^jLjjji 1 i jjyv 1 1 Jl I ip^Liijjil 


^1 <JLJi ^iD ^ J (94 -81 a?J^' 4^ 

.jx a ij ^jjjB jj A j> 4 ^ ^j 1 j W 

D=(n- 1 ) A 


rr = —■ +1 ' j jL-Sj] a_L d j 

/I 

tjfejl LfeJJ \y R Ajj Ijj j^aVl ^ 

-Dr l> Dy jt 

jj£ 1 1 A r , - +1 ^ J 1 —U J ) 

l ^ J 













:88 

V j-*—*4 V Jj-ljj-«J| «J0jl 3 ^5^3' ^ ■--- -J 'j'_u 3 

C _j' ri ii ^ J 

jjj1 ^5 ^-> ..linll Jjca.V' G iiJaJ 1 jU3 A&^ui Ua .3 

j* -^j ^ -^j ^Jy» J .4 

A 


A = 


ft 


^ ^ Jj^' pj— al 1 LJjJa ;/, 

.f '4i —iALwJl Jb^jj' j- 1 ■•^'3 *lL ji ;n 


:S9 

- 4 ^ ^ n _jil j| JiJ 3 '-\SdLl JaLrtfJji ^J3 jjUl —Iri. J * jj-a JjJjJJJ 

__^___ J 1 Jh^ - J 


s^>' 

pL&l! 

p!j|A 




470 

k (n.m) 


1,33 


n jLSfj lijjjS 

l, 8 Bxl 0 s 



V(rrVs) jLiijyt Ac ^ 




N (Hz) pj—^ 1 ' 


f jjUl iiJjjl t Jmo] 3 Jpl^j] d 1- ..lfl > KJjLiJ l^La -2 


:9(> O-jj^ 

_j ijjulufyl j!jli ,j* tliji ijS iijLi. J^jLl ^J=u.' 

:(nm) 


>-^V' 

JUSjJI 


^*jaj PL ^j l 'li 

JjjVi 


780 -010 

610-590 

590 - 57 t) 

570 - 5 W 1 

500 -450 

45 U -400 


Vjljjt ajc. jjM* gjSlf c j—*11 jL ^ jj! JjLaj 4 _ij£ J 


: 4jaiiU 

J-Li ^=j jp^ltJ j N a ujSil A ]r 

* jA V ^ Juij 



V= C - 3* 10*Ws ^ >-? ^ j^ui?- 

>'i jiSl ^ w> Jjla fijA-tfJ 1 ! jj* <jjl J^i - 

&■ I ^ji]i ^ j l ilalj Ji j^'Vl ^jL-ojV 1 ,_j-L»i AjljJ l LliLt Am J 

j 1 nm - 3 O ' m) 800nin j 400nm =j.^“ 

: jL^y\ kpj* V ^£ . 

. 400 nni 

J* J.i£l £4Jill JjJpj ^Ij^aJl /rfcl uLc-Uu^fl * 

SOOnm 


1 tJ2 




























. :94 OiJ** 

■E • jj 1 *j^, 1 eUil fj*ill Ij* 

»>ili li* Ui>i« ^1 Si4 ji ^ u ', 


.> 10 cm .' 
.> 10 cm .v 






;viull jiUill ^ 1 il. — - 


434 

39778 


V“* * a D liL. ] 

WijJiJiT sr* L J f J>^l 

^ 0 L -656n,rt^ J j,^ ^ £Ua J _ *j “ 

. i . , ,:*7 - ,0 ° •‘J-U 11 9j'j j-ij Jliij iX-=434nm 

^ j*.,* u ^ u^j U) , n) uu, 

^U-a^Vl c jmII 


Jjl jL*' klitj t>_y^ JS ,jji ,2 

^ *LM 


'647 

600 

585 

530 

470 

410 

X (n.m) 







c-U^Y 1 


:9i 


;^jil! CiUj- JljLi^liCjUUaj^ 

.X 3 = 311 nm *kf* 620 nm * X}- 680 nm 

C- \- ■* j <Jl ^ ^'7i-: ,_<riil - *^^ 1 1 JLjk-fl iJLZk m J 

fX 2 J jiljJl^yi jjlu .2 


:92 ujj** 

:»jjl_^ j_ji J L J' jlaJ M i— m 0=- Jjl—a jjjil »>-** 

.5.36* 10 h H z 

* ^j_iJ|] lUt Jpi tJ J-5sa b . ] 

_ Vjr L*jj*V I \ jp 4_kl] •— ’IJ j 2 -* * 2 

j j^Li 2^-' 1-Lj c^-al 1 ! ij* J ^ - Ui r J 

i>* J -ajILHI jjjiiJi 

j 

jj'jj 

\ t j i rt V Jm 

:93 2hj^ 

, V, N r =t T 595 ^ t >^ 1 <-kV c^j J^! 

^ N v -I ? 625 ly* ^r-^i 

t ^Uji! Vi |j c J.->M JuJJ jj 3 lj 

Jj-a'ji 1 ' ^ 

S ^ j=60° Jjjj 

.^l^jl^ ^ j‘■—il 1 jp-^V 1 Xjj' j J 

^Lijll j -jl 1 ^J 1 J rV 

v^:aj isL . 
























* i — 40° Vj'Jj ^ “Sr 3 3 *^ ^= j* kLu .3 

^ _J j£l]j |3fiJ>i' jt £ ujj_ J aj' -L- ^aJl aJA J^- sTL 

iJ'_a^'’ Cjij ^bljc. .ju^jl 


Ai — 62Gnm 



X 3 — 580nm 



A|- 440nm 




l>^a jLmSjVI ^jje '-H 

.pij^l J£ jjijJ) 
Aj=wi^LcH ojALial! ^ ^ _a. 

:97 

t A^Ja* 

JaLb J JJ$\ * J >tiVl 

Aj-jljJ AjC^Lh. J lj£ ' - i-jtui Q j£ idl 

.1 = 70° Jjjj 

1 Q T | 1 ■ " ' ,' 0 'Sjj' ^ .J^ . I 

.ijlll * 11 " ' J* Ale JA^V 1 jLeUuiJl 

Jjj ^ 1 - (rouge) j^V'l jJj ^jJi jL^ii Mijjd 


(blend 


n b — 1,77 * n ? = J ,74 
Jpj**Ah ^ >(mm) -j ijti* *5jL-4! ^ U 2 

Ji Sj£^ >y —J Ulci a_fib UA^ jj.jVI j 


?R-15cm 

”9S j^_^u 

_>^Vl c> -a!! JiV ^jL-Sjl JbjjSj A=50° <4j' j rW jJ' j.r^^ 

-lilii'i j 

N v = 1,53 *■ Njj—1,5 I 

jyl l^jJ J^aJI __kujSi *^JaJl Ajj! yL. biji 

4 - 40° j x>j Jj 

D v j 1 * Ajjj-j ^ili |‘j,. -ji _y*sj i - ,.,^' j 

L> j ji Aie 0 > ^4 L j J) * Aj'jl. 
jjSt (E) I J>*bk ^ . rt i j^flJ] j^1,,i <11 v * LU i-kAl .* J 2 


in? 


ta Jijnla Al^fAJ jj-lIj^} jL^iSlJI AjjjS J 


:96 udj" 

A 

U d' J-^) -l 

■ •I-*' 1 1 2^* 

Jf. jaL_J.I c-^A?2' J^V ^ J^^ 1 } £J* ^ -2 

A-633nm jj^ 1 
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-A-- 


A 



■mj ‘jo. = l ? 3 7tn 

. jlj^ _J^'' l_^ ^ 

j* ^j,LLuj JjjW ^ jp* 4 

J It— I^il'l * i '_A 3 

WLiIa^ ,, .tLjjaii / ,j^a J*2' ^i-ii.1 

. (l: ;)>uJi J* 


:99 



ji]' J**=j ^ j£Xl* jJjUI ^Ij**** Je _>^ £ 1j -^ 

1 = |3 UjLu^jJ Ajj^ ^ 3 ^-= ^ 

,i t = 45°*^j 

^U, jVl gAijili f| J 1 ^—Sj i I S.1-iTvl 4 1 

n^J. 1 Jl glxJJl IfJ J*-«»j rj AJUJ^ VVj .2 

pi j,jJl j 'Lijll JjJ J^aLiil- 

."LlsAjvJII jo ^Lm-aI 1 j j4j ii jUSj! .3 


j jUl &J jil j'U^l 1 >*i* L^a 3 

* ^ f 3 ' ^ 1 4 ^_ml! cii 3 ^ < 3 * ji ' 1 <aoL-al' 

j jUi i Kfl ^ ~vji i <4 J(^ JflliiUJ t 6 

j,=45°Ajjj» 

jj 1 \o j jUll £ J—ai 1 Jjl J-* ^ J 

^ j-J' jjc S -.11^ 11 jAij Jp>"' JtS^ UJ^ -V 


IDS 





















jL-1i!lLh1| y \ l « -11 


LtljljJ) Jjijl ^jutjfiiJ 



i <?. jl» Lgj 4 _iLj.) Ja jiriiiji ■ 

:t >aLyftjy*V^ tiL^i -2 

cbj-jj i2j1j i . rtP jl Jg j S-i-^ Y: j-ni2w* ■ 1 . a.■ li 

^iUJu jjt (jl) ^^a-yYl t jjj* ^>»i 

t —® ■■-f^ a i' ij* -^Jr 

:^Ua2*Yt ijusi l a;!-i J 

e- J j ii n il ;A£i j|j (Jji j.- Jg j J_-i b 4. l L A "m 

^ I tfV' i n ni l 

^ a **-* a ^ J-» *jj^all ^ya lJuJ^II ^JUJ - 

-{ d * ' n * j' jJ ^) 

( Ujllid} 4ii£jU ^jjl ubljw^l jjjjl J* 

1 —*p~* 1 |J !*■■_; 1 ^ .-*'■ l J J jijU <] l i L« jU^i jj^a'i-^aLay! ■ —a-;i^ - 

,JUj 1 .j-iiiJ j.!j—oV 1 


cb j*_ jjjJdi | j jj'.,^i4V) JajjkikL ' 

; ^oLm 304 V' ^ub-at i Ijh _^j 

‘’-J l, li 'i . ^i-* .1 JjJ yl ■.*' A : ■ -T.I jjJlijj j j '■■. ■ ■ _ e. jl - i A 

^4 . ---> i.-... 11 

jljli * * 1 * ' " -^“.j J^a*4 >jja $jVl jo iljlJUaAJl - '■aljlJi.wlu - 

,( J>- ^j) 

;4iu^U 

^ jjg l ,jA Ja_j Vi^ <—*\ j Li I \ ■,!.; ,i 4 i ij^j -^. >—iiLjJj l *V_i ! i—*a*jl 1 ■ • >1— i 

jLi-; -—is L_^.^i ji 




' s'_iLl j j'4-l-jV 1 -_iL2a ;.■ ■_■' j j|j ^Jji 1 aljL.y 1 ^AYl 

j^4*gYI wibiai -1 

/>* j,;L«aui t ^ja ^3U3k - ^ „ 

J-4iVk 0>\1} l J*4*4*ll Juki -1 

n jit ej^'v.^ 1 cl^iay'i sjU-M 

^ .JjLu. p---^ jl __1*^3 

:0i* 

;jp j - • ^ 1 ' ^j 

lit t J j I tT 1 ‘1 - 1*0*2*^ ‘Uaj < _ 'ig j - kTi jj-a ^j'u ^u^-gji _ 

J* J' jjkSl jA '-ilia - 

[Ithim SOOjim 




^AiviA ■ B ‘ -~* 


jj= jiaiJl i-i'Jaij ^ualUll jlAuaVi JJbi -u 

■ ^d® J J yt A^aiLill - S 11 ^ - 

jjA 42 jLJ 1 is jitVi j jW^i ■_;llLlj Jgj c J,". .,*U 

/%? li'tu - i ' i 1 

Lj_i_^ 12 ya. jjii' s_j[ jLfcjl i jtjt ,_yi 'laAaiiAJ 1 ^'ijJUi ^22 - 

oi jjasipjA 

., „ >■ Ne*Hc [i-flli 2;_j^ ^j' 2?^^? j^' 1 - 

Hg ^Na^l i :J^ i' jIj 

<j jUtjl ■UlaJi'i ^ ^jj$d L-;Ajt JijAaJl jh-^-Uc ^msi j .j£ _ 

L JJ3tA 3AC- ,J r * *V .,^>3^ £JaAlA jlAwal ■ - V A-> <] tI-- - ’■*•■ 

jLiJl Jn 


ID 



























d L-kU ^i it i 

■LA 1 — 1 J*a * j*^Jl - ] 

OH) 11 j^SJ *A“ t> jiU-M t> ill _2 

,*5ju\ Ai 

J 4 j^ L 1 ' L>* jALil e j^Aajl -3 

iaiia jUu jttaJ _4 

.jjiiiit 

m *&j« c^J JiL- jit J* jj'l—J l ,5 

■ f '^ 4 X ' * ' rt j^J ij'^ LjisJfVl ,6 

liii* jj jpLdll c _~f 


: 101 6#j*j 

■^^jLill L—j i \ jy.m . 

. ^." ■ ljV JJ i> J>SM ^jij - 1 

4jjW i jki Jl Ja ji* AJt Jt Jjij c ijL ^2 

^ '* 1 ’A ^ 4JLk« ^^sujV^ *>i3J ^«*L _3 

... j „ ,_>«Artj 0jjSflj 

^ £>i< u^Vi *j*ill ulL .4 

jLU. UJ v j*Jiu Vj —i«llj jjjv'j j^iVl 

a ^'j ^iLi jd)j 


e gi f |« » • ■ * * hu* q 

£ J-* 1 ' £> ’ju ^jSJI JULVl > UuL J£ iti 

:102Oi>; 
:.^iJb _>**■-: 
<, ila4 * AjjI ^ Vjj ^ ^ ^U^w] jIa^VI - «A _ 
^jA >1 jlA«.y I iJa . 

1 ^ ‘ J j*)Li!l ^^jjil 1 ! ^ p jA La . J 

Jk TjljlV' Jv, Alt kJ it j. m-wj ^All ^Jukjl ^ La _? 


{iijL <ii Jt *la>- *1—* ) o^Uai^V^ ■ i .L 


;4^iIiJi pb jpiiJS CjL^^ .j 

Jc. OUjU-a ^ J& jAUil t> i', J jL U '•> Jj, 

J—UJI ^iU,l „ <i jIjuj ^j»JI ^ILuySJI j2)|, i 

.Ai 

^wal^iU) jdiuMi jlA^al *_Lk J* . ft . K ^hi _ 

^ UJ| A* ^ jiiil* jjiu 1 ^. jVVi lijjt jk. t i J>ul 

i_jui.) I>W Ui ,^kJ til u3 jU , JUli, Citj iiijUI ijauVlj 
JLb Cll jUjtj, iji/yi ^> i J±' ^ iiij ^jjiLJI ' ? ll 

J jiVI .ja oJjJ.j oljj Jj£i 1(J iiii. ki.i 
*bj«i' Ji iiic. (Uji^j jilt) '^1 qjijJl Cilfi-UuSyt 

-f^' vd 

! j* |_J *1 O aaJ t uiJa, jj£jj -Jl^| 
|*a^=e ( J J trtnfl l Jj*J j-aluija ^-atL - 

^'\jLd- t> ^Uj UJjJ, ^ii' JV UjkL , e.L , 

kj' JA lk > Cil jUJl jjtu -L»vJn 

-^j 1 ^j- '^ji us i>^J‘ e^j j'j—yi eijii jjil JJC ib jy 

J1«JS ^1 Jj! l^lk. Sj! J3, iy.ji ',.,1 ^j^it . 

" *" '^ Jtz all ejksll JJ-1J4 JUi. j« jiaj }J 1 j a q jjh j<Ui 

^ ^ «u-yt -.Auili c^i^syt ouj- Ji^.1 Ji 

;Ai^L«ll Ij'-ik \ A jyi u . 2 j«! p 

r = 2,9*KrVjr 

() U? 1 ^? * JAI* ^aiil Dj\ J2u p 'J* it 

.^Ll^J yi Aj \. J, | j 1T ~. S J ^ d r ^ 1 ^ 
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: 104 uijaj 

Fc» H^aljc <£>£ ^jLii ---IT 



H J^jj-^j - 1 j» 



Fe jjOiJi - a^ili 



K (SjLfJlJjJ! 


J_i*j *-y_i - a i !«■ ^ U* I us 





TtetfU ^Utll ^pULl ^i u - ] 

* j j * "% mU ^ •% ■ jJ I L_«j n 

TJililu bU ~iJa AA A5“0 ^-iLii jji _3 

j^i ^- 1,01 ^u^ai j* l. .4 

V*J jU-Jil 


i^a 5 ji^li a* ^uii u j.Ja >3 

jU 3 j’uij li* jjL -^1 r j ^^1 Jjtii 

^ J Jj 1 i> <jJ&J JU>] ^1 ^ L_LJa ji i^a/ju 

„>-^l j* 

*cV -«w Je- d jjL^J! ,J ji.^1 j! jibu U'u -i 

^ ' *J ^'' ^.v- ^AJ ' * ^ . I . 1 — 1 jU -y_J 

,4^U, j3l ^ 

: 103 60 ^ 

-J^ j^jc. jlij ^_4 aLj ^ ,_LiL Jj L*4 ^-U» ' 

1°°W 800 mu 


400 nm 




800 nm 


L . . 1 

L 





ijiijjUj^ll jLij ih^xL 


'^ii ^SJJ&1\ k£+&\ ^ j ^JLkJ 1 , ^ytiaj JjyU l Jyiaj ^ Jij 

* j^-JJ-^ 1 jd £jL 4| Uakll 1 IjLt _ | 
j-lL^Jl ^Aliwl u A,. -J, IjL, _2 

^1 p+jl\ jikLi ^ u -3 

pj—<5tia JiUuLd J| kjalaj 1 J 

^ J 1 I _ka j Wr% - \*\ -t 1 

fpill jua i > nV j ? 1 kjJ- lijJii iiU ^ -4 

.^JJ: JL i'^oi! \j* -5 

^ j^' ;*> j 1 ^ ijf* *<iliiQ= 4^i 
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400 nm 


Mg f 


800 nm 


: 1 06 

—ui^V s ji; Lai 






w -- 






r -y 'll 1 —•LL. 




r - - — 1 




, ^ J* - I 

* Ji-^~> It i 1 | .JLA - -v "ilill ja <ilaj_u ^4 _ 2 

^LiJ 1 ^ UJ% - a ^jC' ‘Si J - man jt a jJl—Jl Olc-Lui^iM -3 

:(nm) -? *ji-^L ^alLJi ^jUL 1 

390,5 * 716,5 * 615,5 * 557,6 * 504,1 ‘ 462,1 
^ yA\ i_DUjl ^jj**LLxJl j ■ tV^t Ja J A J* -I 

jjr AJl ij43il '■’ * T »^ JL*-- }& Lb -L-j 

* 390.5 BUI 

y^jiril^ 1< Jai -Ja MU ,'■ J L -"’ L J J ^ _}lij * ' L. -I >- tilfH Li _„v 

;■ i t M l ^ji 
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: 105 uij** 

,\i y «-> Sf - ^jc- 1^_ ji - > t J.jaa^B ,\jl DLla 'OjGLLi ^ i ^^ i jJJ 

jj lit La^Hl ^ jjL-ail c ji-bil ^-iiL l>J-^ ^ 

L« i_L-3L3kjs 


100 nm 


800 nm 


1 . 1 4 ^ ,j£- jaL^l £ l_jjL 


1 - &j « o > 4 I -^Jb La - | 

^Uxll Jjj <>» J J^A\ jLil jiJl JLjLajSII J La Li ^2 

4^UJt ^LLVt ib 


400 nm 


K 


8( h) rlm 


f 


400 nm 


( 2l l t iL 


800 nm 


800 nm 


CU ill - 


800 nm 











































































































■ a 1 I ' . - i ■%. 

^4* 4 CAiJlAacJ _4 

;^jj' Jj^lb L ^J^wj *-'■ ' ---Hi ^ L $£a*A\ 


a j*J| J JjliJl A/u^i 

(nm) -j * _p4, *>iUal\ olfrLutf 1 bjbfc j* JijJai 

Me 

471,3 ; 492,5 ; 504,8 ; 587,5 ; 667,8 

Kr jjiujiil 

494,5 ; 533 ; 587 : 599 ; 642 

(jC)Hg J4jli 

432 ; 547 ; 580 ; 670 ; 690 


^ jjjaj {un filtre) ^4 £^^4-2 

. 6D() am j 525 nm j^ 3 * 

li* 3 CU .1 ^jJi C jjjLLLS 4jlc J—guJ jjl L. >;.L\ l y y Lc _l 

VJ“ 

^ jjkj ^ JiJl J*Jl (jc. jjLul! c jLbil Jnub --_j 

.r— 

bjbk-jHi J| j_L=i'i l l u. 4 J k^2 Jrfjl jUiJ ^il'l < Bj'n 

:108 

* _JljJi_ s _ u_ ! iU', 


:107 

'■^4 ^4*-m jj rni , n Cub j)>.n jlc, - ^.l.Ja 4' v>" Xijj _ ] 

^Jaualjj jJ 4 t^bujajJii _J^| j <jub jg.'SJl jjjj 

_ J b£4 jj l £ r. . .--. L 'l |4jj rj , U 

J_ j . rt^l iL ^ <j j^ubll I_i 

jc, jjL-dalll ^ j,nli 

;AjlLj]l lJ ic J^dLsiU ji.luj' ^jic. JCi^uJl - * - 1 ^ 



] IK 




















































































v. Ill jj v^jLC- I 4_i£- u. JI J*.l5i' J - ™ T 1 L« -3 

Mg: .632 nm *57! nm <457 nm 

Li; .671 nm *548,5 nm *460 nm >j44^ 

i : ,662 nm *595 nm *410 nm 

^jUJI J j.ijJi'U 4jLai-VL ^ jiiL4 i i v 1 Lijpn.i ^jp* Ltx ^JS ^_y j-Xst -4 
■ iU' Jr 1 U>* 0^ J5 v f 




>-Vi 


jjjVI 

^ ^ ..b'' 1 ,' 

, r . , 

780-610 

610 “ 590 

590 - 570 

570 - 500 

500-450 

450-400 


? ji—jl J—ilaJll jliJ s- j— " 4 ij - " ^*3 a ' 4*^ ”5 

i I 4 P- 1 £ j, -Ti l a l l j lij jlli I JJ-iS'l ' 4 I C- I . ail-’ J I 

/w^ud) Jatij 

1 iUj liL. .^U3! JjS f l -^4! 0 jU -6 

: 109ch>^ 

,J_jJoj ‘OsLdj* *( K) t^p*W A**j4 t ajl^pJ' 

: il^L E^L^YI *iill <Iil jjt £. 3j^Jl 

4 T= 2,9*10^.*“ 

W—. -e*J l -LJ-i-iil j! fljlJL1 „, -..^-k' - I 

A m = 475/ifl* >* u_*L *u J* 

a - , 4 .t > ^jC- 5C 'l^jV I 411 ^ 'jLil^'l Ai. j-a J.jL F* , - 4 - ' 

^ - ‘jul'j I f 4fc _■’■'• — c—» d 'i jj J ■ ^i J.\ 

j-i-eJ ^1 i _jL Lu. Sjlji. 4Jl ^-aSI] ^4» Ju4i y> u -3 

4 4OO/i m <* A n ^ 780//m ) CAaIO 

; J10 odj^ 

,/yijiLjl Jj-dli 3f5LaJ ^ M ,-JJis-ll L ij!4 t_uLk 0 J|' ftaJ - **L» 

.*—4* ^aaSjjIL 


12? 



?a J_l-_ r^° Uft j T>Jo 44' ' j* <■— - 1 Ll - 1 

J*. |4* Ujjjy ^ s4iU^?^4V' 

?Ld-aW Cjle."j-4| I jiL-n C4tU4) 


ll 

] 


\ 

1 


120 

















































































\ La q j ' 5 1 0 ->"■ > l I Li — | 

*... <(2) < 1) ^JS-3 -2 

<J> ^211 ^(crn) -j * i j-iA JILm x -* ^Uli J^' -i 

^1 Jh^' Jjia ^ j In _*L^ AjIij ^ | ) JaskJ 1 

.2^2£l 


-doji pij 

1 

2 

3 

4 

5 

6 

7 

X (n m ) 

404,4 

430,0 

451,0 

460,0 

565,0 

604,0 

640,4 

A'(cm) 

0 








X — f{x) Ij jJ-^n li 1 ^ -v* 
, x ^Lm«jL / Liji —i. 

.. c i •-. i^j j l a .i t m ^ 

-■k. >V , ,_a 

-eUsdl a_*i La jiiJ * >J ^_j jLLa -*'_s_Lj ■ - A j oliL ■*- j^.1 _4 

, f t> : :' 1 ,_£ jjiil _j jLLu ^julajSI' ■ ' f- ‘'j W*.> iiijj. -H 4 ■ ■' ;--- ;Si 

:(nm )-j ®,lp** ■ j u3Lj1i lj^sU l_>Ls,j^* jij^lI ^l..^ 

. 587,6 * 501,6 «447,3 * 414,4 * 404,6 :(He) f_**W> - 
.656,3 * 486,1 1 434 * 410 :(11) - 

.632* 471,1 * 457,1 *448,1 :(Mg)fjujsLj»- 
. 672 * 551 * 435 > 487,8 ;(Ca) fjMfc&li - 
. 612' 597* 547 * 459 :(K) ?- 
*615,5 * 554 * 504,1 * 462,1 :(Si) - 

r \y >\\ ,_5^=2.1 3^3.1 jLaji Lj 1 JiJuI La 


i?^ 





l i 

( t IJ a— L BJii L^j 5jpJ *jilik I 


I j- *4^ 

■- - 

ju-b Aj^i c ’ 4 _*— I 
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d = « J'i : i>- jjS^i ja m, A ,»(.li 

.«v 

jj^-L JS A* | 

120 km /h ^ 3.1, * tn 
72 km /h * 20inA« I 
36 km/lit lOnis 

:<> .mW 

A 7 4 ... *A] ' A (| SH :1 * 1 ' (jV < .-K'li-^ .._i'a J |. - \ .,'. ,, I 

■it-.,, ‘A|Aj ‘A 0 A 1 ■ 1 , i r ^ j ^, 11 'i"■• 

.AajU J (/S (60 n h > » 41 

.A* * Ai *■ A i *“1 ^ il ^ ^c- t- UJi, i/uj 

:A ^ >* *wi V ^ 

„ _4A 2,6*1,5*10 1 __ 

f- —-— —-— (l.flh m \ 

r 60 x 10 ’ 

V A -0,5 x 10 1 ui a 


0,065 

0.05 


:£ jaW 1 ii 

- U3dff At ^«Ji Jij 


A„ 


A; 


A 4 


J *JJ>5 0 j3 AjV rt-h j V - /l.^ll Jli aJLL*]1 L 4 -. ^ 

-GiJi, jV (J-iUi Gil,,St J t *U 


*B|*Bb jSr ^piLfed 3 as* k * 

G Aam j CjVLi -4 ^ At ^ J) L H r , 

KsBr,.'...»H|H I' l l, 


f Luaidl ^5 oiLoJl ±jk 


A^MJauLoit CJS j b j/h5i\ ; \ ^J dUajl) 


:1 Oi>< 

Cjlt JJ— lS ^jCr J^JtjlS 

, *0,01 m/s ‘3 m/s *0,6 m/s * 25 m/s 

:2 u 

’kJ-^S jl 1 ' At 

V =— 

/ 

d - 8,7 km = 8700 m 
t = Ih 27 mn - 1,45 h= 5220 s 
V — Uk/n 1 it ^ 1,67m / s ". 


:3 CtiJ ** 

j/ — 31 A^idbi Juii' 

/ 

d = 7 x 2 = 14 km= 14000 m 
! 2h 13 mn + 25rrm + 2h 40mn — 4h 78 mn - 5,3 h 
t= 19080 s 

y m = 2,64Am / h » 0,734jw / a’ 

:4 ujj^j 

5 - ;'a'^. -'• ' Jk JlhOA AAiaoia ^ fijaln.m S j.Ll-14 1 - I 

.(94km/h) 

d=v x L jJhjuIi aILuII -2 


i' - 64A/« / // 
f 2wrr 30s % 0,0417ft 
i/ =- 3*92Awf 
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i-ui ijji t 2,5 cm _?* Ai^U-ill dji» *JyW' *_ 
AKj - 2,5 x GO = 0,25 hj / s >*3' ^ ^ j*-ll 

AF 4 = K - l \ ;j* j*A\ jp - 1 B4 ^ 

| A J Ja juJ 1 ! Al\ ^ J4«J dilnj 1 ^r*^' ^ijjJaft. j 

^aas b 4 


B 


B 


V- 


B: 


AV 






^ jn*j £Uj 2 <Aia CP) 4 1,9 cm j* AK, ^ J^L 

* A1 4 =1,9x0*!-0J 9m t s B 4 £-» jdi 

jajl jjJbJ p Uj 1 ji-ViliTt ^ J^l Jkiija L*2i!> ^ji 
J jj£^a. b jija 'sj3 _Jl> ■■ li v n l' -■ ■ ■ ■* 1 ■ > . - ■ -■ c2i1 _a±.i 1 . '. ..^ _j 

-1 --«"* ! I rfl 4 || I 1 

-3 

ij^) jU-o^ Axijlu.^ C ’ i 

;(4jLsLJ | i ^ijjiai 1 ,j^“| 4 1lViVil 4x- jjjJl ^-ujS -_ 

V 3 = 0,60 m/s : Cj ^ - 
V 4 = 0,80 m/s iC+e^-^V- 

V 5 = 1 m/s : C 5 t—jl l y - 

V* = ] ,20 m/s : C* ^ 

V 7 - 1,40 m/s : C 7 £**jJt Ji 

]k& jjjJ, 1 - J4*J ^ L*-i JjJJiJ _i 

: Ci y> - 


V 


C* 




AV. 


-V 


1 n 


y = -i°J = 4.6x3x10 = 0 2g7w| ^ : B, ^ - 


ir 


kiix in 


= B iJL = 6%8x5xT °^ = 0,425w / i ;B 3 v ^ - 


lz 


80x10 


y - ^ 8,6x5x10 as0 M7j||/s 

4 2t 80x10 

t* £A = 9 z 0x5x 1 0 1 Q 6|9m , s :B5 ^ . 

* It 80x10-' 

Ah 1 

=T^ -it ;j* 4ftj*Jl B 3 "rJ 1 v^" 

pUJjl \T ^ 4 J ^ji Jjd ^ iV 4 -mLj L^r 

:_>V* (-VS) j V 4 ur c '^2j 1 i 4 A K, 


AFj = rj + (-V 2 ) 

^ *JjVj ^ AF3 ^buiAs'i^ JLJ 

.(-\ ?) 

;c > al1 ^ ^ 

ll ^I = 5 4 tw : y= V 4 J^L - 

(Ul 

-■ 2H1 & 2 , 0 c*i : j* (- V?) Jjla - 

oa -* -p. 

J^UJl (^-^_Ji) oU^y ’>-*1 (-Vi) J V 4 ij 1 -^■^' - 

; JUS15 3* B « ^ ^ 


B, 

* 


B; 

* 


Bj 


V, 


B- 


^-E* 


Vj 


130 































I 


2 


AV 7 3 ^ ft 

:5 

4 5 $ 

* => 

-v. 


(0,2 m/s) A I', - 

^ ■ (0,08 m/s)A^ M - 


^ ^ n :1 ^ ,1 > ^ “ JH jJ 1 dj -4 

lJ-a 'J ^ In-h^ l -Lit ^ > n-^i \\ jSjufi ; jjilill 4jaij - 
jaJl _m£x. ;i44*J! - 
,-^aiil-LJW jS-IlUI - 


, ■ '• * i .ll _ ij i -*■ i 1 - ?■ ^.i sinjl r .0 V 11 j' | _ 
T ,vV 1 || „ ' i ji- —•■ _ | 

t - 4,4 s S-ujI *2 

d = 20,8 in r^jr* t iiJI ic-^iaLJi iy .n ,3 

3 m ^ 4.73 m/s ^Jsiuuijiolt it j*ji _4 

.lU -1 -5 

-6 

^utiuL 


■Ui J-«il) it Jl, . /■. .! i-ajjJ, 
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C"' On 


Al/t = 1 ( 6 x 0.25 = 0,4m / j I A? 4 <*£ 
:C 6 


Cj 


Q 


V, 


<-:■: 


-M- 


A V r 


-V^ 


At; - 1,6 x 0,25 - 0 t 4//i /5 ; AV M 

<0 » ^J^ 31 ^ j-UG j 

(C 7 J! 

Lj _ i L-=d l (J ^aJ, ijjjJl ajSil ij^aj; !2u , ■ - _j 


.4£jaJl i> f d -Wii Jt : jjjijjl J_Ui , 

, jL-i-dJ J^LaJi ^jji. Jl *I _ 
„ 4 jAj ■G.ljJll _ 

:7 

5 f^|j t^jVi oV U,li. 3-j«...- iSjaJi _| 

* USI '^ U2 -VU yi -Mil ..n 

.iSjaJt 

[At- Jj— ul C-1 t *, 4, .,-. Vs. 

\S = 0,636 m/s ; 2 £unj]l - 
V 3 - 0,504 m's :3 ^jli ^ ^ 
V 4 = 0,432 oVs :4 ^jii - 
V 5 — 0,384 m/s :5 (^>^1' - 

V 6 ^ 0,348 m/s ;6 jll - 

:5 O ^ ^x. tU-G _3 

:3 ^jl^ ^ - 
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LI5 


_4&J=2' U* -V* 

,t=l,6 s ^ 1 = 0^- ^ :(J jV' l s 6s- 

t - 2.4 s ^ *£*^ 21 =1,6 s ^ 03 s - 

,1 - 4,4 s t = 2,4 2s- 

: s # 4 ^ j“N —*■ 

( AP, = AFj w ■ 4m i s ) ,(AV - Am t s ) J - 

.( a v = 0 ) $jO ^ jJi - 

( AL; = AF t = 3,2m / s ) .( Ap = -32m f s ) - 

jfi JJ ’ ^ J | 1*1 'll l A -tTl VJ n 

a£ f>A\ ;< 5 jJ'i 

;.'^VI UjVIaL^'- 
*3i5 ;iiUi 

J 

_{ * S L* Vi Sjll^ i. .' ■ ..> aj 3 -is,V) Ajjt-dl j^il - 


<$A ,j-£t ;4^iH 

.*£L«U jUJl ^LsJVi 




' Ajt. _jr -'' 1 ■— L* •*«■ -. _ 7 
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.1 m/s -0,6 m/s * 0,2 m/s 

J l t^ s "’~ ^ jV^ni JlX. ) 4jlnT>lll P 

t* cj2l CjI -5 

i . --- y^ r (iiLii'l w 

.*£ jail :<4r*^ - 
_ jLmU yj^alnaJl '_a° r ' L - ■*'■*11 - 

.Aid . 

.At jdla Aiiku - | 

j jjlU ja j V V = f(t) t ji'fci^ i -2 

V = J ,8 t + 15 aCUJI -3 

Al' = 1 ,Sjpj/j -4 


JH . ■ J ‘lU _ 

AF A^;A#ait- 

(M,M 5 ) f*— 1 ' JlMVt - 

Aid "SodiJl - 


:12u±^ 

-l 


; i jJ l a jill _ I 


jLmIaI'i 


*A*J 


-2 

Vo = 1,2 nvs J 

JVl^M} ‘Ml ‘Ml ^ (Mail 'lA* j«< -v 

,2,4 m/s '2,1 nvs t 1,8 m/s * 1,5 m/s 

, Ms*... ‘M 2 ‘Mj *Mr, AJ'lUh pUiajV 1 JjjI 

jlttll il_2'l > _ *■■■'■■ j ; AJlIl/I ^L»_l'j r I W 

Mi Mi - 8,6 cm i M iM/ -11.5 cm * MoMi = 7,2 cm 
,(SU»«) MoM 5 - 23,4 cm 10J cm 

, M4I ‘Ml fj ‘ M5J Mit-J Jalljll o 4 A JLi 
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.(j 

^ ■—a-a ^ ■ ■ ^ — |j 

► t jl Vl-% ji - ^ 

.0,06 s ^ <3) j (0) Cm ^ J* ' 

. 0,08 s ‘(7) j (3) lW *-**•“ - 

;i_±uj5ll j»6‘S‘4‘2'l > r* 5 ' At >“- 3 

0 68 m/s i 0,72 m/'s * 0,76 m/s * 0,80 nvs * 0,80 m/s 
’ ^-4 

jH jiti - 5 

;4 


-V 


*<- 

5 


=5 


AV* 

:5 


3 

^ t ^a - 


-Vj 


•4- 


^ AV ; 


V| 


AF 4 - AF, = -0 t 08jm / s 

si'-6 

- . ..-^ V i j£ JA | AJol - 

Alj^il <4^ :54*JI - 

;SiiA! - 

jLilH ^n Ill'll • •ftr"^ 1 - 

;(7) j l0) sf*<“*!' -7 

V 7 = 0,64 m/s s V & = 0,80 m/s 


:10 ou*< 

4 ,y,r.. u< - | 

* . '>•; jili ^Jb. p J ji*i‘ Ac. jJ 11 -2 


13f] 

















:14 

jA E-P-, lP, ^1 AC JJjll £iJi_^ 



:15 



AfrLujj a ~ j *- ^^ic. -liaLaJ ^d&*4A^ ^jjal 1 ! uJt - 

iS ku ac^ j*2\\ f'U^ j! 50km/h 


k jSl 50km/h gA*** > * iL* jjJl - 

' J * jjf. Ac ^-uit <P-'u^i |ji ^\ t jj*i 


:1 6lHj^ 

^UJlS jA &V i V - 


IV) 


**j ^* A \\ cjtsSjSJl :2 


:13 t»^ 

;^]|ij!l£ jA C<B^A j^- 1 * ^ aiH 4 ^Ja'i Jh* AjI^ *iLE. jM-a 1 Jaa*j 













































































r a j 

3 

2 

1 

JSJZ 

6.9 cm 

9 cm 

3 cm 

7 cm 

VJ> 

4,2 cm 

4,8 cm 

7 cm 

3 cm 



: 17 Cm 

! 1 —^ f t ' 4 ^ J“ 5 Aj jji ^ ^ ^ _ j 

V _A X A, 2x25x10' 

y a -- --——-— = I m \ 

t 50 x 10 

V A - Iffi / f 

A^^A', ‘Ai ^'““^V 1 ^ _>~a’' v-U^ J * - : - 1 



■ ^ Ar^— ^Uz jzz -3 

'^lui *£- jmJil - - ^ ^ ^ ^ 

^il' f^li V j- JU1 

A j 4- feaa i V ;<L;i jj 


Ml 



Ml) 













































































































































































































































































































































































Ji 11 jJjJ r - 5 

A Vj = 23 x 0,25 = 0,575m / r ; At £4=^1 i> - 
Al' t = 2,3*0,25 = 0,575m !s : ^ 

_<ajju ! jjbjUil* j a"k Jac-'a^I ji iiiJ-U 

Uj jiQjjj A ^^ ^ -6 

„ A “* *4 ° 3 ; jjjUIi - 

,(^ jfcj*) O^pj ( A p o-H) A, o* - 

.(OA$ j* :(l^) *WVI 

r 18 oo^ 

OC, = OC = „. = #C M = 0,12m : J -1 
V c = 0,9 m/s :<& ^ ‘ 4 .-, i-’, . ■ - C 4&j* - 2 

ja ( ^<Cg sCj 4 C’^V' ^ ^ j — J|<J ^ 1 3 
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A3A5 ,JH^ J* Aibhjl - 

_^_ 4 cm - 

:^i4? ^ 4i (-VS) l&aj f *j 

.V 4 _ 

.\^ -j ^I'Ti 111 ll 4 ^.Ti ■ ^r~_ - 

A 1 A 3 jp ; J -AL^jl ^ 

4 cm - 

;JV ,j4tU4 £ ja A 5 ^jl! ^ A I'. JUjf-UA 


=it+(-K) 


4~V 2 ) ^ j V 4 £U*iI1 4^ yfe a Fj 4 jI4? 

4*>J' >u j-ui a* a—jSi Jt * 

*sr^ ^ jjutii ^LijIj s-U-All 13* JL2 


As A 7 



* Ay 


1 A 10 


AK. lU^-j (OA 3 ) | VW' ».« r . ' ,1 yi akJ Jii J Jn 3 U » 4 jlull .—.- .4 

Af Acj-JI >ci Uii ji l( OA„) j* 

ji* ■ m.M O 
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&V 4 - AK. - Q,54m / s -6 

L*j] aT; j AV^ 


Q jSjjijl «*' ^ l t l,^U , ..-vn £ jS.jjJl' ^Jk ajp^fij! aji3^ -7 

$ii kl>'i jj ^ jL*4J 

:J9 Oij^ 

s. a.^.u ^Qj£j^i p2i „] 

jSj^ ^ ^ .PsPoJPjl' 1 

.(146 J^l jU*Jl 
*R = 5cm >=>5 - 


14A 



:^iljlL£ ja C 9 j Cj 04*^j^ 1 ^ ^ J^i ^- M ^- <J“ -4 
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2 


r 



,(4^ j^) :^4^ - 

-5 

AVj = 2,56//* / s :\#£ P^ ^ - '' 

*( p 3 it jUm*U PjT u^- - 

AF f = 0,8 Bm / $ 

-IaJ |j it ^U-J] P 3 ]Sjjj*uflll Jt - 

AF b = 2,4m t x 

A V\ = 4,2/rt / j :4 Ajj -laj s [\ £iajil ^3 + 

:\jXu iwi(P 4 4k. jUJJ ^UJl) p 4 T jjsmH - 

AF r - 0,24m fs 

;LjUi *( P 4 it jLuiil p 4 N jjii! Jt - 

Al n = 4 J 6/« / s 
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1 JL1 



^ i 1 al. . .n H j j 1 tljSi 4gyjl** u P "2 

oUjI aj 1 _>h (10 ms) u^ 1 Ps p s‘- ‘PiK ‘PoPi**-?^' 

jiil jjii 

jjl'l Jfr P 5 ,Pj i? 3 *P 2 ^ P 2 ^ ] A&jtd .3 

.3.70 m/s * 3,05 m/s * 2,35 m/s * 1,60 m/s 

J*Jl Jjjij f-liw u j ‘ i c > -4 

.{147 ^‘2 J^)P 5 f^V- 


146 









p AAilajj! : Cj'i -•*—) 

P n i U.~n -** VvC t _ 

- 

ti-tL* ojc. jl --^ ^JLaaII AjjI j djjll ,■ >■ ^ i «lVj flLiJlV' 1 - 

j±* _ 

:20 aij** 

; AjjSi' i*—lie- _w - J 

„ PP, 83x0,4 u - n; 

J 2r 2(1X2) 2 - - 

P,/^ 6,2 x 0*4 . t . 11 : 

V A - - — -— = b,2m! s :?4 tA - 

4 2t 2 ( 0 , 2 ) 


,. P,P- r 63 ( 0 , 4 ) 

^ “— = 


2r 2(0.2) =W " ,/Sr:P6 ^ jlV * 

v ' = ^r=^M§ = *’ Smis 

2t 2 ( 03 ) 

At ^all Ajlw' Jl 1 < b ' | _2 


I4K 



















►0,150 to/s t 0,194 m/s * 0,338 m/s i 0,400 m/s 

.0,3 75 m/s t 3,312 m/s * 0.2 12 m/s ► 0,181 m/s 

.ifclV 1 J /i * H 20 -4 

¥ .20 Uri.jtAiMi'' -5 

y'yjjh^ll (.r—) »l»Jj |>J L^jJ J A^ jltUAll 

4 I S 

AK 1T J A? ',, 1 A^ii -7 

AF n = AK I7 = 0,08m /y :jS 


U^i jltbuijl 

j ^ Jjjb ji j£^ j—, flUaJj . i : .. _g 

Loj jjUH 

(y) -j* ***■>* - 

- y y »hh) i^LaAys - 

'‘nil a <$uji * 


:22 

•'y&J® J* P S *P 0 4 P-t ‘Pi £UfcjV» .} 

■°325 mA $ 0317 m/s * 0392 m/s & 0,467 m/s 
,{152 p 7 j p ?r jyp-iijAll ^4 jjU: ^uu; Jiui_2 


15t 


-3 


JL^JX jV 4^U* P*J Pi^ OV * 

^yji : lo 2 jx*-a) A" YU ^ J 

^jSli jU jV a* J 1 —^ aSj 3 ^ p P5 2^ * 

J _jJh) ft-Lll jk» >-J 


(149 i*i-) p 7 ‘p, >P 3 t^ 1 -# 1 ** J 3 ■*“ i * 2 ' ^ ' 4 

,U2I jA V P^P 5 vPj t-»V ^U 1 >* ^ j' 1 ' 5 

. ^ I lT 3 ^) 

- . ... ^ ^ i. **►*: >l *j*i_’!i -1 .j, \ 




■ A. r- J—2l J|>4 AjiA^ ^5 “6 

- .1 bUjUj *ia4 


A*\ = Ar. = A4‘, =1x4 = Wr 
p 7 ^ ,p. AiJbljJt ^ ^ 

.^\ i*Sj^ ^ Ui5 ^ >2* ^ ’7 

JkJ^ ^ ^USO U* - 
'.aaU-;) - 


-_L U u lj«fl J'-t&j* .U5l S!j£' s* 5 ‘j® 4*“ ' 8 

.Ji-Vi _>=4 =>V' > :4«4I - 

^jtu - 

jjuA 'SiAii - 

A^J^\ J US o* J 1 ^' ’^y 51 ali 


:2I Chj" 

Pi^ J' Pi ■> 3^?^ i = Is £ ^' * 1 

,1- ^ - ^ L / \Wi_iL. AUiU AS - 

t, - 0,48 + 0,02 =0,5 s 

*<c jLrJjj^ 1 
tl = 032 + 03 ^ = 03 s 

.P„ >Pi* ‘P,. *Pb ‘Pi« «Ps -Pi ^Vp 3 

:^ j > m1 kjr^ i >3 
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: aF\ j aF^ “ -3 

^ jdl 4,U*Jl - 

A jsj Pj J« - 

,(AP i) r-/ i; . I| [ ;(^y^ 1 ) ' - AK, 

AK = OJ 5 m/s :<**& - 


P- a' I ^lLaI'i - ~ 

A P 7 <>* :V=^ - 

( AP 7 )^J' 

AF, = 0,20m s :V^' - j 



“4 

AP? = 23,1 cm j APj = 19,8 cm 

JjC. & J^k JLsLLI 'wJii jtjJj] \l- j*A I JnJu! ?- liil ,^\ T~‘“' - ■' 

A 4-L.t- 1 \ 

‘ ^Jji '-A. -aJll ^jj£- ui I 1 —jl jja 4 J ^ I "J S^ill J ‘, - n 1 1 - "■. 

;Jla J) ([) -J j ij] 

.A^aLlI p| - 

,(APj) - 

( A”-^"^ 4 ■••^Vil 'i /jt a_ill '-»■ 11 JjJlLIj) ij ji.'Lii |a -l J-i!i i _ 

<|i ■y" 1 '* t|iV ijwiOi *j3 L^j jJ jj' 'J^'a j4J| - 

. A<y^! ^ In t Jii 'i-fl jd 


:23 

iL jj2ia.jH* Jhu i£ja2l J - | 
:4li (JS LiJicj iSjLai' AjullL -2 

.0,2s f * k| y " *‘ ,. 1 1 ^ ^ >*4!: P? ? P ^ ._j£ - 

,0,4s ^ J 1 --^ ^JUaAd, isjpJ! ; P 7 J - 

jft ^ / P r >P<. L P 4 *?3 ^ P -3 

.3,60 m/s » 2,83 m/s 1 2,25 m/s * 1,98 m/s 


IM 



15, 1 












:25 £nj£ 

.ijjjla. jj Ja JjSjj -1 

:*& j=J\ -2 

.0,625 rn/s , +^ c -j- - A-Jsiu* as v o2i ;^] Jy\ -Sli j*i!i _ 

.0,6 m/S J **» 4>dV > i « A^al.** 4ijaJl ;A±jUli - 

(136 iVf^j Mj oj*~— _j4*j iJA^i -3 

A I'j = 0,1 tti f$ i M j i jiJ - 

AF t = 0,14 jjj /s : M* tluLu . 

r Alli«J lii* Iplm JjV' ^-d' 1 frUji M ^ j aji Jshjj -4 

^ M r ) M 7 J MftUW *5 j M 4-Lii *jjau' *jA jAb ij^AL 

-(^7 ^LtfS 

»-Lm^j 1\ 1 fll l 'H.ita.l^ji 4 j -1 H ^%_i 4 ^ ^S-U Jl jjjJl 

AjjA jjiC, fl-iAj JJAUj J4ij 


\ 7jj ^^ All. ': 4*ll SJL J4iib AjWL2^ -4 

:P, ‘P 4 OS "*^ 1 j* J - 11 -M 3 t Udl M* 5 

AK 4 = Af 7 * = 1 j95»i / 3f 

1 p.jp, 

;i jfol>t. J! P^'t^-6 

P Aiajjl' 'Lfc jyib - 

>L >L, v i' jaj jr^^' O* -W k A> “ 
(AjjLjLA' as jjli ^ b^ 1 ) Jj^' ^UJ) - 

_44l4 - 

:24 

. J*J J4 ^ i> Uj^ -1 

■a£ j^' '* *."'^ -2 

a j - '■' ■■. i£>4l :(6‘ 1 <3*0 Jj*7* J - 1 = 1 J^ 1 j* - 

.0,8 tn/s V* 1 j“ 

UU&. iijtll :(15 *6 3*) MSS' Si* >1 ^ - 

i* jL^L. i+i-vi. is J=4I :{24 ■ 15 I S M m* j* 1 ) **» J 3 - 
•^ 5 Jill ^ >21 A 9 ‘15 ‘13 <9 >7 -3 

0 f>25 m/s * 0,375 m/s '■ 0,387 m/s ' 0,65 m/s t 0.75 m/s 

’ .0,775 ires* 

22 aL j ;ia J«iu4 -4 

. 20 .14 ‘8 ^ ^ j-a’jJu7 MSS' *111 .IjAtf ^ 

Ak'j, = 0,20m/ J 1 Al'„ = 0,24m Is 1 A* ■ = °' 14 "'' * 

■ - t , „, sv-H j mi l Ojli UiS At J-Il jJiJ £S*“ MS 4b jp -5 

-r ■ ■ q iiQ AiW! 

jj ( A p7l ALobJi bjUjii-Ji ji) Ai^St^l jiii ^ c.b'ji-1 -6 

.{22 jJ3-SS' cr’J) <7 ^SSW 

-► 

■4_$d\ j V J .^1 1 r -iaJl A£>* ^ sjS>Jl I 7 “7 

C fiyUlj 4K ^ <Uili J*-®* - 

(,(-■ 4mil Jt 5 j T „J t UsSjA fl jj*»* r*^' ' 












;26 Oij" 

kz,ju* glui alajl L >Jijji l^j f^ajiil _1 

j -\' ,ljJ.1 * + •'**..- A' 

'Vfrij <*j£LaJ* AljaJ! kn, abdl 1_g_J p % 1 _2 

.AJ 

j^ji_Uj’| j a J~i/ i i |'^ A 4J1 * 1 1 r ^ Ail j^iJi' At t'Ui.Jj j> _ , ~ J ^j j ■ ■r p a j'aU 

3^y 

:27 £«> 

AstjjJa - ] 

A&jLuLj -i njl i ln n 1(2 (J^) 'U^Lu^y A oj' g Ii,, n t| J AxiilLj AjaJllaLi 

,( 5 i^-^) i -a AjjjO 4 4 A*& jWi* A^jjlJ J^-“) 

il’fjltf J aLsjl JulaJ _2 
,ASjaJt jSz ;A^i1 -1 2 JS-i 

.j ^jLwftiS ) A^JJVJ 1 ^ ■>■ i 1 ■fiLaJV 1 -_J 


,*£jaJi :^4^> 3 JS-1 

,(jUm 11 iJ^UaJl a£ J^sj.1 “La- 1 ! -J 

■ t/JP^ J h- ni l AjliliH A^J 1 jai -<j_iJl 2] 4 JS^, 
£ A 3-v^_, 'nr - At- ^4 & ajij l ■ * ' iL&Jfy i 

, 90 fl )o')0 D * £* j-j 


ik _^ jLuiyii' Jp-I 

.t JS dc ic j—l 1 ! ^UjI ju* 


i -15 
;*bjyi J 
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n 


S 
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jji \ | fcJL I ^ ' I j g - tlC. I _ m 0,6s AjJajkll' <L&jL.1 

ii“ ^2. J| Jj 1 * 11 jV t = 0,7s j t - 0,5s ij 1 (0,6s) -I ,_^jj^5 

.u^iaJi ■ " I " * r = (J.l .J* jelU" jr 1 *^*^* 

,, 2,45-1,25 , , . , . 

'» = -3pr i()ffl ' ! 

J G jjl jiii d —- Jj-iil J |> ril 1 j L,fc,>.l l ] A£. jL_L A ^ 

4j ^ r^jV *-V-j i-iL CjLj JjLVl y^. y* jSLi sjjjjiu 1 Eji!^ -3 

♦(2 m/s) ^ 


:3I 

;tJjJij1 jLa£i ~] 


t(s) 

0,10 

0,20 

0,30 

0,40 

0,50 

0,60 

0,70 

V^m/s) 

3,5 

3,5 

3,5 

3,5 

3,5 

3,5 


V v (m/s) 

0,98 

1,96 

2,94 

3,92 

4,90 

5.88 



^jalaLLL (0\) ~ '?^ ^ y*- -2 


ji-LL 4 .jilmfi (oy) i^Jl -^ja. -3 

Jaj) - .1 -> 11 jV 1 '—-^, 5ji _y- Qy j ,A_,J _ I a y y~' c ill I _4 

,| 4l^42/'| slijl jjj J, ’ -5 


I5'I 


: 28 

i -.... . ....^ ■ *;; ■■ jt Jjljll , i.'..i.-. l' 

d Jc. * •■ ■ djp J|2S-1 

:29 Oi>" 

V c = 21,6 km''h ; E 1 j4» -1 

A£- jLLw ^ . i l.j i l i 'h < .1 -2 

t — 12s -3 

-4 

■ j = gg 5 \r. 4. g. j_bkfiji1\ -1 

,(4ttuli) 16m ■ (,;' >^') 48 m 

d = 32 m :-^-V 

;dJCtLl^ - 

{ — (J y 4i=. (O) jL^j 

" lJuLJyi ijc. * 

: iiu^(O) W-ii i> ^0^' ' s *«- 

Xc = 48 m (V%) 

: djL-LAf (O) jp AJaLaJl ituj- 

X B “ d + 16 (UiU.) 

X C = X B <t = 8s 

d — 32 m 

-5 

(aIiLJ'i J*jLLV) Jiij “ l 

j 4 c .I . i 1 , <iLj jjaJ l ijm* *i I.i 1 -VH 

:^J 4) v'j^ 1 1/ ^uW 1 -6 

Xc - X B - 96 m 


:30 


t{s) 

0,1 

0,2 

0,3 

0,4 

0.5 

0,6 

0,7 

0,8 

0,9 

1,0 

d(ml 

0,05 

0,20 

0,45 

0,80 

1,25 

1,80 

2,45 

3,20 

4,05 

5,0 

V(m/s) 

I 

2 

3 

4 

5 

6 

7 

s 

9 

7 


:ij jur£ i iLii i jjc. ^ jUi -^j 













































. B, 

* 

* Bj 

* B, 

a B 3 


(C £■* O) 

■ 

o 


B* 


Bt 


* Bh 


£ * C J**m jy# fJ&M .ki jjj ^ t Vji - 

,A-i JJAajI 4-ll J,L.I\ ^.tl: 

<iJ'u4*Sl S-tJajV’ <jV A* jk-ll 4 rtjl 1 ,r n <£ ja C J B ^lj-^r -4 

B 7 B^... <B 2 B 3 ^BjR 2 ObUJj 

^ j^> (SO ms) £a*N ^ ^ jUJi 

: Bj ^ ajjSIi Ac jd-i _5 




2r 


5 x 0*1 
0.16 


= 3 t 1 2 m s 


\\ - 3.1 Im/s 


lu] 


Sj^lj ASjaJl; 3 f£j 


:32 Oij" 

jVu kk j*i \ -1 

_£.ijl jkl ja.1 ^ j! ^ li^pJLq j U£L^ c^* - ^ 2 

4 i,j 

;jJ| Ajj] ■ -JLmJJ ^ jlH 'laij' -3 

:33 a&+* 

a A£^pJv* a^Lisi' - [ 
;LiA -2 

m ^jT £+JA fl - 

^EjjUall AJijjl - 
.5 jjii—a!' ; jA ^jhJI -3 

:34 uij" 

\^j£ H 'l^L. - _ «• •••» toJJ JA > j5 <;V ^ V 0 -^1*3-' - j 

a a.■?.... 




; (" ^kiil At w* -2 

C.C, 2x 0,1 _ e 

—^ --= 2*5w / .v 

r 0,GS 

£' ( = 2,5m/tf 

;L*ilj£ ^^A jVI £»-jk] "AiiiiJlj ^^pll Ax^j*rt 

F = ^ f = 2,5m /* 

(2 4_Lkft2'Lj JsmJjhs. u. AiujJU B AlVj.'U £*L^aji J.j m -3 












:38 

(C) 3£ t > ia _J-*+ W* A 4-laiiJ 1 -2 

* CA = OP * 's_l«aj I, JjjLuJl j-jj (J j£ (O) 

: aJK 1! ^>11 ^ AV^ 4 AVA f , Sto-ii ^3 

■^ UiL Jjj jSj* wA (O') ^k: c—ji - 
^j 1 <0) £* (O') 34 s15 1 3 js tjjjH ^j=i - 

£-“*■ vA T j l$^j A £*-»>* jjjl'i ^IC- 

P j p AJaSjJI 

Pj (O) £* ((>') 3^ 2 J^ 1 jji l -^ 1 Jjji* jV - 

( ^_iLL_j,i 3 jj^' (jk A<^L11 A'i^-^j^i r*J t Pj^* 

k 1 jv (O^ ' r O') (0) 2j^ ■—ijuiii ^jjli jjjjjij _ 

■‘ *^‘ lSJJ^ 45^ A <iaiji3 ^Mjl fJ Pj P 3. tL ^ 

„.la*J- 

. AV- *A t 2 ^A f , E U»J^ J* 1>J - 

ajks • ■ -Ti j (P) *j£j* P J Sbii-J'j ^ jjb jU^q l^i A -4 

■(AP) 

Ol 4u<,j*A\ O^ijj (jjU* ji) jji- ^1} jJkij k_£tjl] jJjj ;4ii5U 

.(O) w^J (P) JJA 

:39 lhj^ 

'i <2^. jjJ l ^ LLil ^ ^ j 2 ^liS i 4-V - -2 i _ j 

A«kfr<i *£ji (S) (^aJ 1 :(R) -1 ^,^-Lib - 
■ ^ (S) <*-^'' :(R*) - - 

:<iioLl2l <li.jji *Uj 1 fS)2 4_£ja_H _2 

A' i ^ L 4 ^3" i' «i j* ( jilj ;£ p j J a ,.,.'Vi i _ 

J*"* (S) ^-4?) ^ J—*** *S ji. (S) :(R") -1 4 .’■ ajJL _ 

.( *■ >l_a'j \ 

l^biLilU ,1 ^ -L_J \ A ■’ Lj~. . .■ -a|'| 4 ^ j .ll I {_ LiJ j _ 

jl J»a Jjj aJSj) jnuJjUx* j2*j* J) (S) - 

3 ■ i i v' i - UAi— AS Ul j j_j£^ aIU UJ (S) liilL-Jl !ji- 


:35 oij^ 
Sa^ C AJoSil' -1 
P r = 0,24/m }s -2 

((;) j£ jJ J^ua2U A kju£j\ P^ j)S' 1 lJ^S -3 


B| j 




» 


* 


SUj * 


C 


^2 


• a 3 



* 34 


as 


^ji!j(C)3^41b a j^-4 

:36 

^JaB) “ l 


J^'lji’'' . .. j j ' ■ ■ ^ -‘v-J 

:37 Od^ 


30 kin'Ti -1 
33 knVb -2 
27 km/h *3 


n>? 















;40 Oij£ 

; 4 iijlkl'. j U <ijiUijiii s_ j±Si -I 

^ (S) >> * f r ,s (S) ^*a' ^ s T) j^jh 

1^ ,1 uL*^Vl '-V* 1 . '■■ ■ "* | --^UJfc~^^ r p »AjjUaJ 

trx-tsn 

^jUJl <1^U jj&* 5 Jl^ (^i ($) i,S jaJ J* 

J (“p^yjJj J^J jV | ijjk J, UA jjjj Jj 

^AjLLbJI l-lix 

l ? T,S + i f =^ 

Ft/s “ F^ = P = ION ;^j 

;_ua j jil j ^*-*11 /j-j ^Uj.uiaJl ojaII _u_j 

fJ* (S') j3jy * P (S) .j4^ ^jV 1 >>5 

■jJ^ljlill jL^aVl ^ tsLui I’’ Ojii Jja j'i/' 
?=-■? 

F = P = ION :<*, 

* :4I uu^ 

f ^ sjiajl CjIjja* 

B 2 ^jSI' : <Uaij„ 

- ft „. aji® al^i} .^-iy *»LaJ'yi - 
15 N :^i- 
:42 

:l j^J^b (S) <j£ jjjjil'i lIiI jj^ji _ | 

l 3*“V' i( s J*j) jii4j3Li ji3jili _ 

J^-V' JiJ 4jl3pj (Fjys) jiljVl *>& 

■I J’s 11 o** 

1&5 


(RJ Al&j i^_*iauiA AAJiiyi* ASLji. (Sj i(Fv) -1 A.f k ,jii\Lj - 

| ^JlJ. , L£ Xi Jud (K’ ] 4jjj£a-: ^-j ! _i. ^ (S | :(R ) -1 - 

.M 1 , 5 M4 l'lJ J a „-. jV^-jVi Aii tliji -4 

.-±4^ ^r>! ^ S) F n ">^ ^ ■ a =H - 

U}j JjS-uL ^ La) (S) 

Ajla^ i*uJj'i.U A.*jYi«iiH» AS, ( 15 ) 4 R.) A^aJiL - 

. (R) 

Ajis** ^ JLhZa ^ “ (S } £•'* '?^ :(R' I - 

\2A± Ui JA (R 1 ) i .(fjjvk ^ ’jJ-i^i Aii'-il 1 ^ 
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:45 

At ^jla At jUilq i^iV... <Ii : jl~U _ | 

di = 75 m ;^- jL^uji _2 

d-? — 150 rn : ^Jri ii d i _ 

■vStU^' ^4»ji - 


-4 

^ jUuaH ALs-J^I ^ •—■ll *- 4 Jy^Jal'l -I 
s^j 4^yi Sj* j.iiuj) >j j . 

a]t 1S£j^U 

■(** jLulfl Aj ji'-o <mjj1 a£, ji V 


:46 OdJ^ 

- ^i a£j^, . « - -, ,7 
.AJ^Ldj -\ 

*l 5U^ ^ j i ' • V; U J <i r-i i 1 n 4 j ... -■. 

*R 4 j*j J*i jjj p Alii _3 


-4 

■^ ’ n ' "' '' 1 aSj^* <$*> ^USfl j > ~' ^ ■ -^ .' iijj _1 

,Vnl<iill a£ 4^=t m j t Se r tl j_ji' j*kj fc-i-V-j 

■ ^ J i ia*- 4ai I ^ j.ii Lijj 1 ^ ^ ■ ■ -v V \ 11 

:47 Cm** 


.Ja.1 j* ^j^J: - j 

♦ f i = 0,7s ^4La At ^L*ia < ^Lu .a a£ jaJ' |AB | ^ :^Vii ^ir, ,2 
■t 2 - 0,3s ^ njfr . ■ 4£ijsJt | 3 ( 7 j 4-^1 ^ . 

■h = 0.4s ^ njiii I. a£_^ [<2D] AjJOJI ^ _ 

■ V D - 0 m/s i V c - 2,S m/s s V H - 2,8 m/s * V A = 0 nvs -3 


_ , “4 

,(*£ ; ^]l jUJ ! ^ SjLki^ ijiJl) | AH | * ^ J 

jLwll yjaL, a f( ’H| * )ajl Jt _ w 

k UU [BC] J*>U *5 


J«i7 


\k*Ll!j (S J ^ jy*4 -2 

^ 4^^ U*^} ^(5 lSj) WSl ^ W CP^J^ - 

_pj iJiilj .^iiJi (S) -i> > ^y»4' ^4 } F, ,^' 1 '' 

I' 3] -■ "^ 1[ 1 jjc. i=*f42! ^jjii J4J y j ^ 1 

:43 

-1 

T, = -7 ^ "?j fi apj® is:AiJ ' - l 

^, = .1 utpjill 0^^3141- 

(S) ^^4 

* 

Ac. jLulfl [ S ) *S j** 

5y \ ^ \ j aJ jiLi o j!5l -vh 

^Vl4JJ^^f:=- 71 

|> J4S» p"v? J kj (j ^ V T, ^ - ? ) 

iJai^La 

\joilii-a ^jlLoa. Jn U*jfi JjlibUU O^ji “** d5 3 7| * 

(S) ^ I^J "^i 4 

- A > i '~i ‘ _ 

JlaiV^ ^ Jt4W^ Nf^Jpdl A^UJl 4 jj 1£ 4a^_* 1 , = — T2 

:44 

-1 

V J 

-V* 

^ W-^ ^IS3»V 1 ‘“ 

*Jl_LI*_iflJ l 














Jij SjUI) ^ JL-UiSl 
jji sjUJi; j j Sja,jJ( 


:50 

*j44l kjW\ _ J 

13.05x10' r 'm t 3,783x10 5 m f 3,64* 10* mi 10 8 m s [0 4 m 


5,23^ 10 * 5 m f 9,27x10” m i 5,6xJ0 


23 


HI 


m 


123 


jllI ur It jIjcVi 4-pj 2 

OO-'mUO " mUO^mf 10 s m> 10 4 m! 10* m s 10 J m 

-10' !S m 


:5t 

(1,05 x lO'* m) 105 X I0 f m 
(2,6 x I0' 8 m) 26 x 10 1 m 

( 1,5 x \Q-'%) 150 K 10 m 
{2,1 xJ0' l4 m) 21 x 10" 15 rn 


) :52 

s >jll-r 10 14 kg <£j 

J 


JjUaC -1 ] 0 W Kg J ,> 


-ryhji - 

- 


10 2 kg j* 

<j jlUl JO Rg iaj j ^ 


-6 


.(AB = 98 cm) «V J sr " 

, BC - 84 cm) 3**® '3 =,jJ'i y * 
.(CD = 56 cm) ^ * 

.d = 2,38 m *#“ * 

:48 CiiJ^ 

ejjsll ^ 

-1 

isuidi a*.jJ *ui 4il * 

;4‘> 

- I 

' 3 411 jj£j *5 ^ aWII U> "f “J® - 2 

:u^ j* 1 ' “- 





u>s 


















'Lilijl 4 JjLli .;11 JUiV1; 2 


:55 ui.>*j 

L ^ 7W U _JjjaJi 

F = G^ 

11 

G = 6,67 x 10“" 1!.{SI) 

N OKI 1 _ r. £-» ^ 1 rv-l ] K* 


F = 6 t 67xlO 


(I) 


= 6,67x10 TV 


f’ t a Jill ijk jyfj J&ll ij* )J$\ ' .Ol J i"ll l Sjl Aii -2 

m X Af 

rf ^ /f = 6400Am = 6,4*10""' 

r=M7xL0-"™ 6)<I0Mj 


<1X? 


(6*4 x 10 ) 


F^%ny 


;^j 

Ji»3U -3 

— a 150x10’ 

JF 

^UlS 1 a ji ji ifl j* jblo 4 jLu F ^jit 1 j* f * 

jn J£ (jr lc. ^1 < iV, ->lVi 5jS fLal L*Lj aJU§^> Jijj j&j 1 

:56 

^ ^ Jfr Jfcl jl4l j (jJa.jV' JJJ aji 


F = 6 

gM 


m x M 

1f~ 


' 4 i ., 
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:53 tjJj" 


10^ m 

(jj£^ jlaS 

H 10 “ TT, 

Pj 1 ) rtll ji^5 

10" m 


10 s m 

j-aii j j+jw jjj -Mi 

10'm 

S00 m <ir^ 

iO' J m 

4laj l) J^ 3 

10 ? m 

J jL 1 

1 O’* m 

?y j* Jjk 

- 10™ m 

S jj 

I0" 15 m 



:54oi>*j 

};-'■- Ji ii-> e IfJ-la* ; 4iL-xi' - 1 

9,461 * 10 i_ k m -2 
(bjjsT) rJ j 354 j ^jI 9 -3 
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:62 l xj*- 1 

jA Jjp (_^aj i yi 4-J )_s, -| 

■ ~~' 1 "J^ ,J " * 1 ' ,j^i j>S’l *S _p ^ jS £^jhh11 -2 

c^ijul ^j-O: J‘j\ ^Jaaj i4JL±mJ l-UH ■■ 1 i.„r^ i^Jaold 4w*JjUuLd 

.5 jjja a jii Lr il sIa 

j( _,U 3J-^U jj"- 11 "'^ _''’-■ ft jllI a^A ^Ct-^ -3 

Jp'jJl k—iJt^J'l J)j; b ' ■ i all tJA isjJ. ■■ 


f - ^ r * ^ v 


■ .:oo 


rf = I50x 1 (V Av« - 1,5x 1 Q lt iff 

F=6,67,10” <^ l0M X 2 :f> 

(1,5 x 10 ) 3 

F = 3,56 xlQ^ jV 

-^^-.*1} j1u*Jl I'l | ~> a ^jL^j (_) jji ^kiajVi lg * k*’’ ^^li 1 AiLvi^j 1 -4 

^jV 1 

: jli i p J _pJlj 12j-4 j b) » 

D^2^d^27ixL5xlO ]l 
^ = 0,42x10”^ 


| " — -^— ;i., P , U> V" ft jp*f-fj LA jl A* **1^--. ' n _ 

f 

V ■'bubu 1 <£-J*JlJ LJ* J .Jbb jV 1 ! ^'1 ;| 

: 1 ^ ^ J jjJi. ; __X 1 j • j'^V 

! ” f Jc 365 

r = 365x24x3600 = 3 r 15xl0 7 j 
y 9,42 x 10 J ' 

’ 3,15* I0 1 
V = 29900m / $ 

J f — 29Skm / s 
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R 

F - 9,8 m = mg = p : 

:57 Chj^ 

M = 6 * 10 24 Kg :^jVl^- 

p = 5,48 x 10' Kg m y 'AJa-jU' L^3 j& - 

:58 au-“ 

- ^oiii j 1 (j^? aH " JI £ jiii ^ i 

F r , = 2,02 x 10 30 /V 

■ Ai l ^ ^J-ia j V ' ,_J^ iljbjdll Gjjlj' 0-A-, -2 

F?(n = 3 T 56xlO H iV 

-3 

i i JA 176 -j “ j* 

:59 

;-_ S -y^ ijS * ^ ^3 ^ aJLlLiu*! 1 ' &ii - J 

592N -I 
97,2 N -v 
1561 N 

' L 5 TT-Lkul iti 1^ l> h I -I —2 

9,87 N/Kg 
1,62 N/Kg 
26 N/Kg 


:60 

C| P = 345900 km : Ci P 

:61 ojj** 

Jjbj ji ^£.Jhm. -fi -^4jlS flJjSiill |fc l i ■*> .■_>* ^ ij ^ 

■jlD jjJj ^31! _v.^>V i 'bx* i iW^’il t *ji3 jijV 1 

_<j.jj'.Alt JU-dljJ 
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:64 oij** 

SjS _ji*ij^aJl ,j£4 i'J'i 0 jiU'i _ ] 

jX^j ■■■^-^ |jV (£^Ju) jiUj Aji UL, I * J "?'^ iJjLlJl Sjjjill -2 

i % j^ jn<i ^j jV'^ i * 

doAjj*£l» Sjall Ji2-3 


f-*£2£ 

</ ? 


if*A£ 


A = 9 x | O v £/.($/) - d = 4cm = 4xlO" 1 m 

, (3xl0"*)(l0”’) 


F^9xl0 

<4xl0~*r 

F = l,6&xHT*A r 




:65 ui>^ 

-1 JS ^g. id > iii' J ^ - ] 

jit Ji—| cm —* IN jijiiL 


qi 




— - - — » — 


- -*<■ 


2 /! 


Fly 


qz 


1/2 


<q? ^ q j 4^ jjjj ^ ^ :T ■ 

.qi ^ q 2 4^ jij 5 ^ ^ :F m 

(jjj cl -i*^ 1 - 3 

f„, = r ]; , 


?,» 


I ;\S 


:63 c*U" 

,^ubjV' -1 

.62 -_^-2 

56 [ $ N ^ ^ - 3 

d = 2,66 x 10'm -4 
V A = 3,08 km /s -5 
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:69 

;^JjUCLajt (jbtsV ■ Ajtids - I 
.((jJ-'-^l J-'-fb ^'J i_ 3*-2 -' 
.(^ lj ^J ^J^J) jV-l^i -*-* 

^(■4? ~ '•;^- ! l * •' 5 J-y^ i [jJ-Ud -Ll.' q Jjl 9 __i 

■iiiXii (j ^ii ji) s ^1 tii .2 

,(VM ijS) 9,83 « lO 0 N-' 

(V*jji Sjl) 9 x 10‘ 3 N *T -m 

(MMSjJ) 6,67 « 10’ IS N *J 

( iji.ijVil 5jS) 13,3 x | O’ 1 N 

:&jcpIuu 

(S,) ajjSU a]U*J 1 Lii- 34 ^ ^-> 2 } ^ 

J *^4 mCIj J*Ali J 

.(S,) > (S 2 ) l« jM Vo* 5 M ? B 
.(St)«t l)5*> V jM*3 VMM 
.(Si) V +> M :T 

■ jl -*£'»• U. J-ftl ^ .-il' * ^ '* ■' UlUi V 1 - 

£ + j£ + M 

„ l^J Fq lAHjS^ ^ j«> ^ **-^i-*-*i [ Sjiil ji 
Pj ^ t- 11 *m il Ajljjj p|_ ^ . a *'-l t a jiili ^Pwj 

:^\ us 
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9 * 10 ' 


4 


;Ai- 5 


rf J =225x1(1 1 

rf = V 225x10"' 
d = 0,15fff - 15cm 

:66 OiJ** 

; t j r P 1 "J , “*^ L ' ,_M j- Ajjb " 1 

j.fte 

(?,)(|?.|) 


f £ =9x10 


F f =9x10’ x 


(1,6x I0' l, )(l,6xl0 ") 


—19 ■ 


<5.3xlO") J 

F t =8.2x10-’iV 

; jyjAi^ad 1 ' j£i Al^Lflcjl p- MV' 0 V 4 -' -2 

[p'jJl v . /lv i! L . - 


= 6,67 x 10 


_ .„-,, (1,67x10 I, yp*W M > 

e (5,3x 10" ) l 

F,- =3.57x10"" N 

■‘Vl '- ^ l5-i— Ai ;L1 jG —3 


^JL _ Ji ; :l!i!_ * 2,3x I D 31 ' 4 


3,57 x 10 

I i'\1 y'\h i £ Jpa S JkS 2,3 * 10 3g - Ajjlj JjSil *y& (j' ^ aAb ^ LJ 

^b^sll JibUl Jxii 1 ’ .^u! J^ 1 J-ii’ J 

:68 

Fe = 4*35 x 10 -9 N -l 
Fa = 1,52 x 10 41 N -2 
2 SJibjAlt *jjJ! ^ AjjLjfSa 1 Aj^Ubi' i jjiit j J^vX -3 

>^2,B6x 10 33 ^ 

2 riiijjS 1 .! $ ^lUi LaLaJ Ala$-o ’(> jii 1 7V6, . 1 1 - 
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:7t Oi> 

>“ ) Jatill - ] 

(^LJ) JjLiJl *2 


:7 2 o*j±* 

"^jjj ij 6 jail ,_ l _ a j - [ 

3,23 x 10 ' 35 N 

^ j^' J'*£ ^-2 

40 N 

“ all ^ h * ' JL- 1 ‘ jJLJ _* 

I2*4 X 10 35 -? o# M ^ J 

/' *||»; k-UWDli Pjl ,\* 
* I _ h .l_j J-ji M -Jl ^ jiki j_j 3 4 MaJ f* 1 ^} kilsjLaS 

_(^5j^il\ J^'LiLJt £j*iSl) j jijj.jJ' 


:73 0J>i 

.(^jslZija) lO^N-1 
8.13 x 1O' 43 N -2 

j j> ' 8 3V' 1 (=(/ji jfc j* <iL b_}*!l ,7 



;£jjjel-ua 

t=Jf7+f7 

T^ U3xl0' J iV 

:70 CVJ^ 

;iJjjjJl ^ a jj j*i' (jjiall -1 

.U^pW^ jUjfi - 

_ AjjLj a jS - 

>t Jj(iJl q2lA iljjj-iiAjI (jAiJl * 

,o-=*jVl - jSi 1 

: Sjlai Cii j^** -2 
L jitV jaJ :AfaJl - 
sL j,j@Uiit I - 
4,8 X 10' 11 N :i^li- 
Qf=-1,6 x 10' 16 C -3 
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m 

% 

* 

% 


0 0 0 ^ 


^ * * * * * * 


************************************** 04 ** 






















P i-lijj) 


: 74 tLy j** 

t 

tj* (ali_Lt JgJaj) C-UJU 1 ! jLu&j J _UuJ “1 

, p,Ltll JjkU ■J^slij'i ^LuuJl ajLili.) iic. ^jl 

*^MHS ja r ^jSl\ jj^i J) j j\j It ^jmJi J—* -2 



:7 5 

‘ JI uV I nj l y* l» il ijulsij 

:^jL!iji jUmSj^I JiiVi 1 ; jLAj’yi ^jlj Vji - ■ ■■^' - 

/j.sini 

/ j i sin/ - ff , sin r 


Sill r = 


sin r = 


*h 

1,41 sin 30° 
173 


- 0*4075 11 s 
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L 













; f 4uj^±ial JjjjM Sj'j Vjf l - u ^ ~ " 


sin f = 


n 1 sin 90° «■ 


n, 


n, 


_t 

L75 


f = 34,8° sin f = 0,5714 

T = 34,8° *] jjjjll <a 4 j jj&i ^ s 35° S?jO J' 

a] ^ (frl jrti’) ^ J ! ^ V 1 

*^jLSli ^ui ^11 -A-ijji-!. La& *^ISajV' 


J jl _j 


-2 - 



v La-1 


!K5 


5in r = 1 - 73sin30 ! = 0.6135 :2J£2» v— - 
1,41 

r = 37,8 s ^ 

; jMIS j* JjUl - 



:77 ily>“ 

'^>41 tluJ 1 aajUj jill ^_if -1 

j Jtill jyikb t t'r j*3l) -L-jl' ji r j^V* j ^J - 

;JLS£Sd^ 


w. sin r j i . . ■ „ 

sin r = — 1 -:<**i n, sin * - fl, sin r 

"j 

.* . I,75sfn30° n „„ 

r = 61° :^*j smr =- ——Q»B75 


j --£-' |kIa 23 Jjl ^ 1 | j i |1 ' H- 1 - ^ -' 1 . ! u^' 1 ' P ^rj' ijt * J 1 " 

jji AjtJ-iajJ La£ 
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i 2 = 17J* :iaJ 

■ Ai. j 6 jUlafcl *Uji !^U_Jjj (3 ^.j 1 jajyi _3 

it { = 30*~I9,47 E i =/,^r, uxh*- 

rf, = 10,53° :^i 

,T J ^JnJaJi ^_il_pj^ -4 

d . = 77,1° - 40,53° * d. = f, — r 3 ^ - 

, = 36«5? & 

OW^! ^ijljll t-la-Lii AjjTj^ 0 ^ISjI ^Jii jrJV' 1 *LjjI_j *-5 

D = ii + i 2 — A -Ai^Uj 1 0 - 

D -30° + 77,1° - 60 B 
D = 47.1 ° 

4 + d 2 = 10,53° + 36,57° = 47,1° rJi-Ai 

D = di + d 2 

:80 OU* 

D = 40 ;^ll j=^f \ ajj \j -1 
H = 1,48 ; j_vi^Jl jL*£jj ji _2 

:81 u^j 41 

;UjJ jJlaJl al* ^ 

- • j-iL i ,jr^ IjC- I jurSwili r'ljlUl 0V * j j» - -~‘ J t*2 

r 2 = A - r ( A = r a + r 2 ;d ^ 
♦a4>— j r a j A jV r 2 

'Ijii! jjjJl * --l;» .vjul _ 

n sin /\ - sini 2 

a -Oufl kgj (nsin r 2 ) jV 3 jjm—. a ajjI j j 2 

;i-s£Lkit 

^p! r 2 * rr i 2 i ij 

sin r, a. r y * sin /, = /, 
sin i, f * sin r, *r. 


IH7 


:78 U*>^ 

1-LLgIU jjbj ^ __ 1*U _2 

:sin r -j sin i ^ a£&*1\ -3 

sin i = U51 sin r : J^P [ s4**& 
n = l ,51 ; -4 


:79 

; ui< v- » ■ .... j r | 



-2 

-Uj^J. ^ Jj ' L ^ 1 


sinr ,. . * 

smr, = - -■ :^j smi, = irsmr, 


sin r y 


sin 30° 

1,5 


= 0,3333 


r, *|9 f 47 Q 

■ m Jr i jJl y^Uli 4 1 ^ i 2 J-^V l 3 r 2 ijjjij 

A - n +r, 'ij' 


r, = 60 5 -19,47° * r } = A-^ :^j 

r, = 40,53° 

-Ljjj] l J, j j lie. n 

sin i 2 = 1,5 sin 40,53° ^ siru, =«sinr 
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;Als j jrj sm f — gin 90“ 



sin^ = — = ■—- 

n 1.7 

/ = 36° \<**j sin t = 0,5882 

i = 60° > t =36 c \rf 

Je, yr1* ^ ,>^^1 I L ^ Jjljll 

,jV i >—* Jjl Ai* ?r jp* j_j I ■l u * Z j ^ CjI jiUjc-!^ BC jll 

A^ji* ti* jJc- »Jjjj Ajj 1 ! j 

JU4 


D ^ ^ jajyi Sjj' j “2 
□ = 180* -{60° + 60°) = 180° - ] 20° 

D - 60 a 


: 86 

ii = 45° :<** ^ j j^=- 4jU*J$ ^jU - L 

n = K41 :jt^yi^jl-2 


IK'J 


;LLsJii * Aaj jlc* -•jjy^ “ 

r. — «r, 

JJJr*^ '^aij ’iJC. - 

nr : -1 ; 

£» = /, + / 3 - .4 : J 

i? = rF<^-,.+ r,) - A l?' D - nr ~ nr 2 - A :2p} 

/> = nA - A : jji r, + r, = ,4 :j' 

D - (n-])s4 ;^j 

:82 U*J^ 

I jj£. “Jjjj (jV - I 
.( jjUj jl (jit) n < 1 ,(i6 :Jaj2iii -2 
D = 2U°^Lp^«*Aj -3 

:83 lw>3 

n ” 1,33 ,s y “•'^^ * 1 -^ i y> i_jU22i r~>.. j2 


84 oiJ^ 


r * 2 


2) + A . . 

i. - ——— 


sin f, = n sin r L loj^ 1 ^ 


sin i. 
«=-— 
sin/, 


sin 


/> rt + A 



I^UIUI 


. n = L.67 : _>*M } —&] -2 

:85 oij" 

jl—c i^—J - j 

*^JJJ jV jl jjJ 1 JJt jj2^2' JjljJl ^U2Ji - 


.(' j>" h . ih ) i — 60' 3 ->.jj Sj 1 3t AB h1 1 rf J - 

; j LAr yI jUj'i j j = ^0° jll 2: - 

:UjJ 4 AB li Jjjjl'ilfr - 
















J jlil iAj fSj 


:88 oij** 

*jij_Li V L >jJ'l c, ^ .,i -k |* j c yjJa ^jjtl jj-IjjCdl G j- - | 

.Qji^ -lii-j a ji-a jtJj .JJM-.**^ 

_>_J> i->Vi ^jjl ft jjLaJl jj n.-iV jljijJll _2 

t ■ jjJ 1 ft J i ni 1 j-m j At \ ^tiLu J ft. i J — ■~' 1 ' j ~ 3 

. C-3* 10^ m/s 

A, = :*■£&*■ i 1 ^ jUj^ 1 -4 

n 

A s I T = ~ : J (J-J 

A r 


jjB' 1 ip.jll jjJ ; T 
*> s jj: N > 

_ 1 13 1 ■" ~' ft j l - - - i -Li j ■-- ' "^ ,- 

.a . d ■ j ^/ — ^ "- j} --1- j.-ii -f j - -^1 1 la: 

‘£^ jil'i .i ft <i_^a 

a=— 

N 

±. = 1 -J -Uul 

a c * a c 


.(jL^j^l Ajjjs) n = — :J ^ 

r 

A 2_ i 


K = :*“> 

/I 


—-- :j J ! 

a n 


1*11 


:87 Chj^ 

ajLjLJI Uiu *2 ji 1 _> J£ J-— j^j 1 “] 

.85 sj&j'* 1 ^ i^ 

ajjIj -2 

(I,jit jJ^ £ U^)D, = 180° 
(fcj* ^£ 1^)03 = 28,9° 
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:93 

p ^ - 27,12* ^ J^3 j 

D = 27,79* : tf v i-, . ,1j * ^r_j l j “V 1 

jl ^h-. T. vi r-. ^ „^Aj 1 ^ jd£l --i ^ •> nt»P Jjl Ja&JLj - 

-E^JP 

:94 

jjSiJt£^p l ^ >121? -i 

K = 1,72 x 10* m/ £ 


> 10 cm jW^V i = 5,81*10* % lji ^ 

*W» 

*> 10 cm >*vy t = 3 t 30*lO' lft s ^ ^ 


:95 Cjij^ 

U£a Jr i>ot j! jJjfl D -l 

Aj^Ij *»2itaiaiafcjl ^Uni^l <=lja lJJ^ 3, 

1 >1 J-a J “2 

^j' Jj-n -■ 1 Wi'il ,1MJ 2>*s ^-L-AA* AImJa- jliA: -4 

J> ,J*J* J_^) ^7"*^ 

:96 UO" 

;( jlpl J.P.^ 1 jU£j| J* - 1 

(400 nrn -1 ^ j-^' 1 ) 1,612 - 

(800 nm J 1,665 - 

^J> jjjJSI Jfr jit—ll <J^V JJ^J^' !I jLi-iSj) -2 

, /j w = 1 , 6 16 

-3 

;l_u 3>11 jit A,< -i, * /I. On-Ui^l *J*& JJ“J*'' J 

n,= 1,617 * n 2 = 1,6185 * n, = 1.645 

:^JJJ>1' jit Xj' At 1 i, -1 ^ Jilj jLAi‘/l ^j'J -V 

.23.42" i 2.1,40° i 23° 


:89 oi.^ 





?i»si 

9^1 

ilu> ju' 

295,6 

353,4 

470 

a (n.ni)^ y*' 

1,59 

1,33 

1 

Yi jL-iSj^l 

n^gxio" 

2,25x10 s 

3x10 s " 

Vlm/sl 

6,38^10 M 

6,38^1 O' 11 

6,38x10"™” 

N (Hz) Pj^ 

1 1’ . ’M ■. t _ M . i. “' 


. V^u "p -i ppi P'> ^ Oj^ 1 -2 

4iU*i iUji jtin J p ^ j 3 ' 


:90 


^ j to' ^ J* ^ ^> ^ ' 1 

(g) i4Ll jlc. JjC-uJlj jji ul 1 ij*l J toy l J* JjV *>tol J 


-v^U-U-iVi Jjll -2 

, , „ I „’ , , 


743 

647 

600 

585 

530 

470 

410 j ktn.m) 


| J*=^ 


jX^a\ 


Jjj n 

^>■^6 | lJJ 3 


:91 C»j* 

1* fl jJ^SJli vJuU^ -1 

(InlVarouge —^) ^ = 86« /im 

( Visible ^ = G20/im 

.(Ultraviolet - 31 bJ'« 

-2 


:92 oiJ* 1 

A = 559,7n* i^ 1 j* 1 ' ^ "' 

^ ..Lv...-. Jj .^n ^ jJi JU-11 J! £i*-iy' ij* 

J u^j ] Aijij JU13 6 hV (Utoi ^uoSUS) <*.>4' J> >^2 

. * 1 ft .'li J 

jji Jjiij l —^ 
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UJ to 





































































^':3 ^ 


: 100 

.(>u.) J-=i- J^»! ^ - L 

(ja jtil' --Jjj=) j'-^ '2 

jl >. ^ _Jljrt -3 

j -J -4 

jlirfi) jJefc -5 

_ l j ^ yi (luj^) ^u& -6 

j/l JLa^ 3 | ® J b “ i 


: 101 oiJ** 


J ^ .**» > ^ «-*-*•* ^.rr.' 3 

*L. J~) U^» ^ ^ 7 ‘ ^ 

:102 OiJ* 

^j L -* ' - jj' ® J r ^ ■“ 1 

$ ^ ij»j- v* ^ c^ 1 <> , jA ^tlS. :ti 

>, r l,ll &jlja. Aijj f 4>i '-**“' ~* T 

iriji i^uji'i ~*> > ^ J * 

1 ., ; ■^'La 'y! l mj]g -1—1 

1_|^ jl jji ^ -1 j »- ^ ^ 

:103 

^U^y’ -L>U> -AiL -2 


.^j* > >-i' ^ *-*■*■* ^ i>Ui ^ 

:97 

«*i >uaii ^ — ir ^ '.* 

8 = 0,621° „ 37*1 S" . 

, ,«, m* ^ J. .»—> -* J > ->* %tZZ 

rf = 1,62m JI1 


:98 Caj* 5 

0^=30,57° * D * = 29,31 ° 

■iui f .a i-j ;^ i^J 6 - -2 

(»(/), -0*>J 

(radJ^Dv-DR)^'^^^ 

t = 3f/n 

:99 oiJ* 

r, = 28.12° : 

ri = 28,12° -.TTijjjt^s'j- 2 

4j r u ij o- "- 

‘ ' ij = 45° 

ii = i; " 4 

J> ^ *^“ - ' E ^J^ > as- ^ 

*=jl j^W" c -^’ -' 

3,. m; >- ^ i-j "t 

, 1, -2 ^ i'iUM uj'^ *“6-^ <4-^ “ r ^ . \ \\a\ ■ * | v^. i 

' >tf aai ^j» .> ■ jjj ^ ^ 
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400 nm 


Si m j.i. ajljprfS'i jLiil J WV1 


RDO n,m 


F4 

o 


o 

Vi 


o 

F— 

v, 

Vi 


V] 

3 


sd 



: 107 



UL2 


2» ; -■ ^ ■ »; --> ^ j^j - w 
^ ■: l J-t.1 *1 fa J' 1 jja'l -—2*- 

.^puns ^ 

JS jil . JjL ^J 16 - ^ (800-400) 400 im , 

i-. ■ /i v i‘ i LLij „ 25nm 

•^a ji*ii ■ — j. a^i i 

(-ijjVl) 2, - 3,8* 25 + 400 = 495 j*m 
( j^Sf!) A | , _ 5.3 * 25 + 41Xj 532,5/tiii 
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-3 

fijl^kjii ^4i (La photosphere) ^3^ -I 

3-^ k*£j* 

,(La chromosphere) (^jUH) l?-m 

j? ■kjMiiii Aii^^a u^sj _4 

Ulli ^|0|j jl* jja.jjA^j'l J* rt lt\ AjUjVl tf*i -5 

JajlaJs. JjUaJ J*. 4 S ! JlU jjj J'i ■■"<".■■' ^dUfkU)/! 

L> ^ J 1 £* 

.^>2, ^ Jijl k-d2Ull ^ajc iil jjj -6 

:104 ui>« 

2a J|2^ i_JLlL! - ] 
tw ;—4 - -^"i—-.V' Jg jJtv . tAja _2 

(K) >-=2Jj (H) j^jj-^A 1 j-"* J^—V 1 J 5 ' -3 

.^iil M*i» aAil j3- 

■- ili-j jjjj jjfi j "i - ^jjl ~11 *i)f 1 2sj2ii. ^ulj) ,*JJ ;^Ja4uL» 

ir - ^ ‘4> ■ *j2 I J~a;' 

(H) UT^ ^3U]1 ^jlAJ -4 

.(K) 

: 105 

. jl-V-a)^ 3ajJai « ■ I jh - J 

ijJkj Mg j-“j Ca ^3 ^''j4 -2 

- _ V.l i. j'l .i.„ J 11 2a jl*-^ ,fl_ii '_oA Jl ’ ■ - 1 ^•> J^j Ll'l. iJ 

:I06 CtiJ** 

K, f;2i fliil j2a aj'lA^iJl ^jV ^a-»l ^ - \ 

' I *a_iui -.1. ^' : .-.y i 
^ jaU 1 hj2Uj 1 -li! jjj -2 

-3 

jjjiiLi jLiijji jA |3 00 4 8 4 6 4 3 ji - 1 

. 716,5 nm K., - 504,1 nm ■ 462,1 nm JjLL 
. 400 nm 0* 2^ j^! -m 

^JlUJlS jA - i^i2Ji \ \ L JH _ ■' ■ ■ —i 











































hjlliJ JjLujV^ ^bLiiyi 'Ifc ^aIoj - 

3445°C < 7” < 691 VC 371 S u tf <T< 7250“ A -3 

:1!0 

-1 

4 jll " i —g S J! 1 Jb •—iuii yX *- li " i a :' ■ i4 - 

il jdL<al4V l l lajJaii ■ Ijm jul ■- *J^~* - 

-7 


;.JjiaJ 1 ' J?u5j -'' 



l 

2 

3 

4 

5 

6 

7 

2 ( fttn ) 

404,4 

430,0 

451,0 

460.0 

565,0 

604.0 

649,4 

x(cm) 

0 

0,5 

0,9 

U 

3,2 

4,0 

4,9 


JjittJlj JA J V *j£Lj, ■■' -'_J 

_ *--■» ^a. 

^ = 50*+ 404,4 

(cm)4 j4j :xl :-^ 

(nm) -3 j &>: A I 

* **v 'V i • • < ■ •-■ I " ^ -h tj; (J 1 Jja 1 . 3 

:iaJ ( X - 50x + 404,4 ) iijLJl ^3 Uj 1 JUfclJj 


\ (cm) 

0,55 

1,15 

1,65 

1,95 

2,55 

2,95 


431,9 

461,9 

486,9 

501,9 

531,9 

551,9 

x (cm) 

5,05 

5,3 

5.55 

5.75 

6 

6,3 

4,2 


656,9 

669,4 

681,9 

691,9 

704,4 

719.4 

614,4 


I j.jl J - J f- 1 . ■ 1 ^ j^atiA.; ^jLlAjdLl I ^^sjyO' -4 

_d Ills L*Lal ! i ^ i ' . n 


(3 nm ^ ojLiljjji -5 

Sij j^ ' b 1 ^ 1 ■ Ca r* jj— i h 


O-oVl) yt, - 73x25 + 400= 587,5/1m 
{jJ'Jij jill) X n9 - 8 x 25 + 400 = 600«m 
( j^i\)X s ~ 9J x 25 + 400 - 042 £nm 

<SLlUa!L» .J.jLjjSjI jfA ,Jl jia 1 ! Jaa^AJ JjJkiJ 1 

^ J *1 1 jLLi 1 hl^ O U Jjjj Ot* J'jial ^ ( I nm ^ J*+) 

, K r j.^.^ 1 3* ^ _J|, — V . S . - 1 ^Li^auAjll 

-2 

f j-.-r*^ i- a^ :-a j^aL-i jaVI kJ —oc &.•-•■> ,^*1=- J->—ai_ij J 

J) >4aiVl ,> ^ 600 nmj 525 nm j J***ft 

ljlj]Vl -'.: V - ^ v 1 ^illjL^aC. ^—ft^l-ra. 1 1 lj£j . I rtJs n ' i j ,_j 

_ ^1j) ^.Jl jjJi I Lg — jSLk^ l ^jl'' 

sJUlL -i^j 

.599 nm "587 nm ■ 533 nm 


: 108 Ou* 

--- + l-". t-w~- j^a .jj J^i J lj ^ ^j' lAy> jlis-aVl Ja j * ^ - L i b -1 

^_ii, .I—Lii. 1 -a /- VI ■ v -* yt 5' 1 R-«a' L ‘J 1 ^ 1 ' 11> i- - 2 

.671,2 nm ^548,7 ran ^460 nm 

J|jL«a LtirfiV! J jJl Ji l'lT I : - 

_ Li *jMi y ^u^y! ^j .3 

* -.lijii ^ jj j ^^ ^}i ^ 1 ^ 

.(671 nm) j**' * (548,5 nm) 1 (460 nm) JjJ 

j® ^jS t jh^ 41 jynl-iA >■ ft jU 2>* ^ jJt tJijy -5 

_tb Jh- 4 Jajjaa. ^,j2v ! 

2*jJai. -..a so vjaiaJ'' 'i& 

u y' ^jjia l* jl-A |**;.V>'* j'iijayi ouls 2i jiaa. JazkiXj “6 
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